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LETTER    OF    TRANSMITTAL 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington,  D.  C,  July  23,  190 4. 
Sir  :  I  have  the  honor  to  transmit  herewith  a  paper  entitled    ' '  River 
Surveys  and  Profiles  Made  in  1903,"  which  has  been  arranged  by 
W.  Carvel  Hall  and  John  C.  Hoyt. 

This  paper  contains  the  results  of  the  cooperative  river  surveys 
carried  on  during  1903  between  the  topographic  and  hydrographic 
branches. 

There  is  a  large  demand  for  the  data  herein  presented  by  engineers 
and  others  interested  in  power  development.  I  therefore  recom- 
mend that  this  manuscript  be  published  as  a  Water-Supply  and 
Irrigation  Paper. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  Unifed  States  Geological  Survey. 


RIVER  SURVEYS  AND  PROFILES  OF  1903. 


Arranged  by  W.  C.  Hall  and  J.  C.  Hoyt. 


INTRODUCTION. 

In  order  to  determine  the  location  of  the  undeveloped  water 
powers  on  the  various  rivers  in  the  United  States  the  United  States 
Geological  Survey  has  from  time  to  time  made  surveys  and  profiles  of 
the  more  important  of  the  rivers  on  which  possible  power  sites  were 
known  to  be  located.  The  object  of  these  surveys  is  to  point  out 
localities  where  power  may  be  developed. 

In  the  determination  of  the  river  profiles  the  general  plan  of  survey 
adopted  was  as  follows : 

The  elevations  were  based  upon  reliable  heights  derived  from 
primary  or  precise  levels  of  the  United  States  Geological  Survey. 
On  this  datum,  with  few  exceptions,  lines  of  flying  levels  were  car- 
ried up  the  bank  of  each  stream  and  bench  marks  were  established 
at  intervals  of  about  1  mile,  usually  on  nails  on  tree  roots.  The 
elevations  of  the  surface  of  the  water  at  the  head  and  foot  of  each 
shoal,  rapid,  or  fall  were  noted.  These  levels,  with  few  exceptions, 
have  been  tied  at  both  ends.  In  the  case  of  Broad  River  primary 
levels  were  used  instead  of  flying  levels,  and  regulation  bronze  tab- 
lets left  at  intervals  of  6  miles. 

The  horizontal  control  of  the  survey  was  by  plane  table  oriented  by 
compass,  while  the  distance  was  always  obtained  by  means  of  stadia 
measurements.  To  further  insure  the  accuracy  of  the  work,  the 
stadia  rod  was  so  divided  that  one  division  on  it  equaled  one  division 
of  the  scale  used  in  plotting. 

The  field  sheets  were  plotted  on  the  scale  of  1  :  22,500,  with  the 
exception  of  the  surveys  of  the  Tallulah  and  Tugaloo  rivers,  which 
were  on  the  scale  of  1  :  45,000.  Several  different  runs  of  river  were 
plotted  on  the  same  plane-table  sheet,  the  ends  of  the  different  sec- 
tions being  so  marked  that  there  would  be  no  difficulty  in  joining  them 
and  making  one  continuous  map. 

On  these  sheets  were  shown  the  outlines  of  the  river  banks,  the 
islands,  the  positions  of  rapids,  shoals,  falls,  and  existing  dams,  the 
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crossings  of  all  ferries  and  roads,  and  as  much  of  the  culture  of  the 
river  bottom  as  could  be  obtained  without  leaving  the  immediate 
neighborhood  of  the  river.  The  river  banks  were  contoured  carefully 
and  the  adjacent  river  bottoms  sketched,  all  with  an  interval  of  10 
feet.  On  these  field  sheets  are  marked  in  their  proper  positions  the 
elevations  of  the  various  bench  marks  left,  as  are  also  the  elevations 
of  the  water  surfaces  wherever  obtained. 

For  each  river  surveyed,  first  are  given  a  brief  description,  a  list  of 
the  elevations,  and  a  condensed  profile  of  the  portion  of  the  river 
surveyed. 

The  elevations  as  given  in  the  original  notebooks  have  been 
adjusted  in  accordance  with  the  various  primary  heights  tied  to, 
and  the  figures  herein  given  are  the  ones  obtained  from  this  adjust- 
ment. 

On  file  in  the  Washington  office  are  the  original  topographic  sheets 
and  profiles  on  the  scale  of  1  inch  to  a  mile  horizontal  and  1  inch  to 
100  feet  vertical. 

ACKNOWLEDGMENTS. 

In  the  collection  of  these  data  and  their  preparation  for  publication 
special  acknowledgment  is  due  to  the  levelmen  and  others  who  carried 
on  the  surveys.  Acknowledgment  is  due,  also,  to  Messrs.  B.  M.  Hall 
and  M.  R.  Hall  for  suggestions,  and  to  Messrs.  C.  B.  Kendall  and 
D.  H.  Baldwin,  who  adjusted  the  various  lines  of  levels,  under  the 
supervision  of  Mr.  S.  S.  Gannett,  geographer. 

BUFFALO   RIVER   FROM   FLATWOODS   TO   LOBELVILLE,  TENN. 

A  line  of  flying  levels  was  run  on  Buffalo  River,  Tennessee,  from  the 
mouth  of  Little  Opossum  Creek,  near  Flatwoods,  to  Standing  Rock 
Ford,  about  3  miles  north  of  Lobelville — a  distance  of  47  miles.  The 
plane-table  survey  was  on  the  scale  of  1 :  22,500.  During  the  course 
of  the  work  28  bench  marks  on  tree  roots  were  marked  and  39  water- 
surface  elevations  were  recorded. 

The  total  fall  of  that  stretch  of  the  river  is  109  feet,  and  is  so  evenly 
distributed  that  there  seems  to  be  no  power  site  of  any  value.  There 
are  now  two  crude  dams,  one  near  Linden  and  the  other  near 
Lobelville,  supplying  power  for  small  gristmills,  but  at  neither  place 
do  the  conditions  warrant  the  construction  of  more  substantial  dams. 

The  soil  near  the  river  is  fertile  and  well  adapted  to  the  cultivation 
of  corn,  hay,  and  peanuts. 

The  elevations  in  the  following  list  are  based  upon  an  assumed 
elevation  of  537.25  feet  for  the  water  surface  at  the  mouth  of  Little 
Opossum  Creek  as  interpolated  from  contours  sketched  on  the  Man- 
nie  sheet.  The  assumed  elevation  is  probably  within  20  feet  of 
correct  datum. 
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The  leveling  was  done  October  4  to  31,  1903,  under  the  direction  of 
Oscar  Jones,  topographer,  by  Ralph  Hutching,  levelman. 
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Fig.  1.— Profile  of  Buffalo  River  from  Flatwoods  to  Lobelville,  Term. 
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Elevations  on  Buffalo  River,  Tennessee,  from  Little  Opossum  Creek  to  Standing  Bock  Ford 


Distance 
in  miles. 


0.0 


.0 
3 

.  6 
1.0 
1.2 
2.1 
2.2 
4.  1 
4.  1 
6.3 

G.2 

8.9 

8.9 

10.0 

10.8 

11.9 


Little  Opossum  Creek,  mouth  of;  east  side  of  river  at  ford,  liackberry 
tree,  nail  in  root  of 

Surface  of  water 

East  side  of  river  at  ford,  nail  in  root  of  elm  tree 

Ford,  east  side  of,  dead  sycamore  tree,  nail  in  root  of 

Ford,  125  feet  north  of;  east  side  of  river,  nail  in  root  of  sycamore  tree 

Surface  of  water 

Ford,  south  side  of  river,  nail  in  root  of  sycamore  tree 

600  feet  north  of  ford,  surface  of  water 

Sinking  Creek,  east  side  of  river,  maple  tree,  nail  in  root  of 

Sinking  Creek,  mouth  of,  surface  of  water 

Ford,  275  feet  north  of,  north  bank  of  river,  east  side  of  highway,  at 
angle,  nail  in  root  of  sycamore  tree 

Ford,  650  feet  west  of;  surface  of  water 

50  feet  from  river,  south  side  of;  sycamore  tree,  nail  in  root  of 

Surface  of  water 

Ford,  east  bank  of  river,  sycamore  tree,  nail  in  root  of 

Hurricane  Creek,  mouth  of;  surface  of  water 

Hurricane  Creek,  1.1  miles  from;  50  feet  cast  of  ford,  nail  in  root  of 
beech  tree 


Elevation 
in  feet. 


537.  25 
533 

532.  26 
531.59 
532.  32 
528 
529.  06 
525 

524.  90 
520 

521.  16 

512 

510.01 

503 

500.  70 
498 

501.  17 


12 


RIVER    SURVEYS    AND    PROFILES    OF    1903. 


[NO.  115. 


Elevations  on  Buffalo  River,  Tennessee,  from  Little  Opossum  Creek  to  Standing  Rock 

Ford — Continued. 


Distance 
in  miles. 

Elevation 
in  feet. 

LI.  9 

Surface  * » t*  water 

494 

13.2 
13.2 

At  lord ,  cast  bank  of  river,  nail  in  root  of  willow  tree . 

Surface  of  water 

489.  53 
487 

1 5.  2 
L5  2 

At  ford.  south  bank  of  river,  nail  in  root  of  maple  tree 

Ford,  N00  feet  west  of-  surface  of  water 

184.23 

482 

15  5 

Ford,  south  hank  of  river,  nail  iu  root  of  sycamore  tree 

485.  15 

Hi.  6 

Ford,  cast  hank  of  river,  nail  iu  root  of  sycamore  tree 

482.  29 

n;  8 

County  bridge,  west  abutment,  holt  iu  base  of  girder 

499.  45 

17.  3 

Ford,  «  asl  hauk  of,  nail  iu  root  of  sycamore  t ree 

483.  03 

17.:: 

Surface  i if  w  ater 

477 

L9.9 
19  9 

Coon  Creek  Ford,  i  ;ci  bank  of  river,  nail  iu  base  of  willow  tree 

Ford,  Mod  feet  north  of.  surface  of  water  

476.  42 
471 

21.3 

"l  :; 

Ford,  106  feel  \\<-t  of:  \\>-t  bank  of  river,  nail  in  base  of  willow  tree. 
Ford,  surface  of  water                                                          

470.  04 
167 

■_>•>  :\ 

Ford,  easl  bank  of  river,  screw  in  base  of  sycamore  tree 

469.  70 

22  :; 

Ford,  surface  of  water 

Hi.') 

22  6 
22.  6 

Brush  creek,  easl  bank  of  river,  nail  iu  root  of  sycamore  t  ree 

Surface  of  water 

467,  20 

Kir, 

23.  7 

Above  dam,  surface  of  water     

464 

_':;  7 

I>e low  dam,  surface  of  water      

159 

.,,  ., 

Foi  d,  wesl  bank  of  river,  top  of  large  rock 

1.7.)  :;•» 

24  2 

Ford,  600feel  l>  low, surface  of  water                     

457 

26.  I 

Ford,  w  (  >t  bank  of  river,  t  op  of  large  rock 

454.  L6 

26.  1 

Surface  of  w  at  er 

452 

•_><;.  6 
26  ti 

Beardstown,  easl  bank  of  river,  at  ford,  nail  iu  rool  of  sycamore  tree 
650  feel  In  low  ford,  surface  of  water 

454.24 

lol 

28  I 

Ford,  wesl  hauk  of  river,  nail  in  rool  of  sycamore  t  ree 

152.90 

29  7 

Ford,  easl  hauk  of  river,  nail  iu  root  of  hackberry  tree 

449.  51 

30.3 

m  3 

Ford,  south  hauk  of  river,  road,  south  side,  nail  iu  root  of  sycamore  t  ice. 

Fold.  I i.'.l)  feet   below,  surface  of  water 

i  15.  17 

111 

31.9 

Above  dam .  surface  of  water 

441 

31.9 

Below'  dam,  surface  of  water 

435 

31.9 
34.3 

Ford.  Mint  h  hauk  of  river,  road,  wesl  side,  nail  in  root  of  sycamore  tree. 
Ford,  east  hank  of  river,  nail  in  base  of  sycamore  sapling 

438.  32 
434. 02 

34.3 

Sui  face  of  w  ater 

431 

35.  1 

I  lodson  Ford,  east  hank,  top  of  rock 

430.  51 

36   1 

1  h  ster  Ford,  surface  of  water 

426.  59 

40.  0 
41.2 

Logan  Ford,  south  hank,  west  side  of  road,  nail  in  base  of  willow  tree. 
Standing  Rock  Ford,  south  hank,  nail  in  root  of  maple  tree. 

119.08 
420.  61 

HALL  AND"] 
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CATAWBA    RIVER    FROM    MARION,  N.  C,  TO    CONNELLY    SPRINGS, 

N.  C. 

Catawba  River  was  surveyed  from  the  Halltown  road  crossing,  near 
Marion,  N.  C,  down  the  river  to  the  mouth  of  Johnsons  Mill  Creek, 
near  Connelly  Springs,  N.  C. — a  distance  of  45  miies.  A  line  of  flying 
levels  was  run  in  connection  with  the  plane-table  stadia  traverse,  which 
was  on  the  scale  of  1 :  22,500,  based  on  a  permanent  bench  mark  of  the 
United  States  Geological  Survey  at  Marion,  N.  C.  This  flying  line  is 
connected  with  a  precise  line  along  the  Southern  Railway,  run  by  the 
Geological  Survey  in  1896,  at  Bridge  water,  Glen  Alpine,  Morganton, 
and  Connelly  Springs,  at  each  of  which  points  there  is  a  permanent 
bench  mark.  There  were  only  three  temporary  bench  marks  set 
along  the  river,  but  there  were  160  water-surface  elevations  recorded, 
all  of  which  were  adjusted  to  the  mean  reading  on  the  gage  estab- 
lished at  the  upper  bridge  near  Morganton.  The  work  was  done  in 
July,  August,  and  September,  1903,  by  R.  C.  Howard  and  S.  A.  Oben- 
shain,  under  the  direction  of  W.  C.  Hall,  topographer. 

In  the  stretch  of  river  surveyed  there  is  a  total  fall  of  243  feet.  At 
present  there  is  only  one  crude  dam — at  John  River  Road  Ford, 
where  there  is  a  fall  of  4  feet,  supplying  power  to  operate  Hunter's 
gristmill.  There  is  a  dam  site  near  Connelly  Ford.  The  combined 
fall  of  two  shoals  about  half  a  mile  apart  is  12.3  feet  and  a  long,  rocky 
island  in  the  lower  part  of  the  shoal  would  somewhat  facilitate  the 
construction  of  a  dam.  At  this  point  the  river  is  about  200  feet  wide, 
with  rocky  cliffs  on  both  banks.  The  river  bottom  is  very  fertile, 
the  principal  crops  being  corn  and  hay. 

Elevations  on  Catawba  River  between  Halltown  Road  and  Connelly  Springs,  N.  C. 


Distance 
in  miles. 

0.0 

.1 

.2 

.2 

.5 

.7 

1.1 

1.1 

1.3 

1.3 

1.7 

1.8 

2.1 

2.3 

Halltown  Road  Ford,  head  of  island,  head  of  shoals,  surface  of  water. 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Mouth  of  North  Fork,  0.5  mile  above,  head  of  shoals,  surface  of  watei 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


Elevation 
in  feet 


n  Adjusted  to  bench  mark  at  Marion;  McDowell  County  court-house;  west  face,  at 
portico,  bronze  tablet  marked  "  1438";  elevation,  1,436.857  feet. 


«1, 189 
1,187 
1,187 
1,184 
1,184 
1,179 
1,179 
1,177 
1,177 
1,175 
1,174 
1,172 
1,170 
1,167 
south  end  of 
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Elevations  on  Catawba  River  between  Halltown  Road  and  Connelly  Springs,  N.  C. — Cont'd. 


Distance 
in  miles. 


2.4 

3.2 

:;.  I 

3.4 

4 

4.2 

4.4 

4.4 

4.7. 

4.7 

4.8 

4.8 

5.1 

5.  1 

5.  3 

5.  3 

5.  1 
5.4 
5.7 
5.8 
6 

6 

6.  I 
6.1 
6.6 
6.7 
6.9 
7 

7.3 
7.3 
7.5 
7.5 
7.8 
7.8 
8.2 
8.5 
8.5 
8.7 
9.2 
9.2 
9.8 
9.8 


I  [ead  «»f  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

1  lead  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

North  bank  of  island,  foot  of  shoals,  surface  of  water 

Head  of  island,  head  of  shoals,  surface  of  water 

Foot  of  island,  foot  of  shoals,  surface  of  water. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

1  had  of  shoals,  surface  of  water 

Fool  of  shoals,  surface  of  water 

1  lend  of  shoals,  surface  of  water 

Fool  of  shoals,  surface  of  water 

1  lead  of  shoals,  surface  of  water 

Fool  of  shoals,  surface  of  water 

I  lead  of  shoals,  surface  of  water 

Fool  of  shoals,  surface  of  water 

Connelly  Ford,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

I  lead  of  shoals,  surface  of  water 

Fool  of  shoals,  surface  of  water 

1  lead  of  shoals,  surface  of  water 

Small  island  in  shoals,  foot  of  shoals,  surface  of  water 

Between  large  islands,  head  of  shoals,  surface  of  water. 

Fool  of  islands,  foot  of  shoals,  surface  of  water 

At  head  of  broad  flood  channel,  head  of  shoals,  surface  of  watc 

Fool  of  shoals,  surface  of  water 

At  foot  of  broad  channel,  head  of  shoals,  surface  of  water. .  . . 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

1  lead  of  shoals,  sin  face  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface1  of  water 

John  River  Road,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Just  below  ford,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 
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Elevations  on  Catawba  River  between  Halltown  Road  and  Connelly  Springs,  N.  C. — Cont'd. 


Distance 
in  miles. 


Elevation 
in  feet. 


10 

10.2 

10.8 

10.9 

11.1 

11.  1 

11.6 

11.6 

12 

12 

12.4 

12.4 

13 

13.1 

13.3 

13.3 

13.5 

13.7 

13.9 

13.9 

14.4 

14.4 

14.5 

14.5 

14.6 

15 

15 

15.1 

15.  2 

15.2 

15.4 

15.  5 

15.8 

15.9 

16.4 

16.8 

17 

17.2 

18 

18.1 


Head  of  island,  head  of  shoals,  surface  of  water 1, 099 

Foot  of  shoals,  surface  of  water 1, 094 

Head  of  shoals  at  head  of  island,  surface  of  water 1, 094 

Foot  of  island,  foot  of  shoals,  surface  of  water 1, 092 

Head  of  shoals,  surface  of  water 1 ,  092 

Foot  of  shoals,  surface  of  water 1, 089 

Just  above  dam,  surface  of  water. 1, 089 

Below  ford,  foot  of  shoals,  surface  of  water 1,  084 

Head  of  shoals,  surface  of  wal  er 1, 083 

Foot  of  shoals,  surface  of  water 1, 079 

Head  of  shoals,  surface  of  water 1 ,  079 

Foot  of  shoals,  surface  of  water. 1, 079 

Head  of  shoals,  surface  of  water 1 ,  078 

Foot  of  shoals,  surface  of  water 1, 075 

Head  of  shoals,  surface  of  water 1 ,  075 

Foot  of  shoals,  surface  of  water 1, 074 

Below  head  of  island,  head  of  shoals,  surface  of  water 1, 074 

Foot  of  two  islands,  foot  of  shoals,  surface  of  water 1, 070 

Head  of  shoals,  surface  of  water 1, 070 

Foot  of  shoals,  surface  of  water 1 ,  070 

Head  of  shoals,  surface  of  water 1 ,  069 

Foot  of  shoals,  surface  of  water 1,  069 

Bridgewater,  in  front  of  station,  top  of  north  rail al,  095.  7 

Head  of  shoals,  surface  of  water 1 ,  068 

Foot  of  shoals,  surface  of  water 1, 068 

Head  of  shoals,  surface  of  water. 1 ,  067 

Foot  of  shoals,  surface  of  water 1 ,  066 

Just  above  head  of  shoals,  surface  of  water i  1, 066 

Head  of  shoals,  surface  of  water J  1 ,  065 

Foot  of  shoals,  surface  of  water 1, 062 

Head  of  shoals,  surface  of  water 1 ,  062 

Foot  of  shoals,  surface  of  water 1 ,  062 

Head  of  shoals,  surface  ot  water 1 ,  061 

Foot  of  shoals,  surface  of  water 1, 061 

Head  of  shoals,  surface  of  water 1 ,  058 

Foot  of  shoals,  surface  of  water 1, 056 

Head  of  shoals,  surface  of  water 1 ,  054 

Foot  of  shoals,  surface  of  water 1 ,  054 

Just  above  head  of  upper  island,  head  of  shoals,  surface  of  water 1 ,  051 

Between  island  and  south  bank  of  river,  foot  of  shoals,  surface  of  ' 


water 1 ,  049 

"  B  ridgewater,  0.4  mile  east  of;  bridge  seat  at  west  end  of  Muddy  Creek  Bridge,  2.75  feet  south  of  south 
rail,  copper  bolt  marked  "  U.  S.  G.  S.,  1091;"  elevation,  1,089.549  feet. 

IRR  115—05 2 
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Elevations  on  Catawba  River  between  Halltown  Road  and  Connelly  Springs,  N.  C. — Cont'd. 


Distance 
in  miles. 

Elevation 
in  feet. 

18.2 

Mouth  of  Linville  River,  below  ford,  at  head  of  island  and  south 
bank,  head  of  shoals,  surface  of  water 

1,048 

18.4 

Between  island  and  south  bank,  foot  of  shoals,  surface  of  water 

1,046 

18.7 

Head  of  small  island,  head  of  shoals,  surface  of  water 

1,045 

18.7 

Center  of  island,  foot  of  shoals,  surface  of  water 

1,045 

18.9 

Head  of  two  small  islands,  head  of  shoals,  surface  of  water 

1,045 

19.1 

Foot  of  shoals,  surface  of  water 

1,040 

19.6 

Long  narrow  island  along  north  bank,  head  of  short  shoal,  surface 
of  water 

1,039 

19.8 

Head  of  shoals,  surface  of  water 

1,038 

19  8 

Foot  of  shoals,  surface  of  water 

1,037 

20.  1 

Above  ford,  head  of  shoals,  surface  of  water 

1,036 

20.3 

Head  of  shoals,  surface  of  water _ 

1 ,  035 

20.4 

Foot  of  shoals,  surface  of  water 

1,033 

20.9 

Head  of  shoals,  surface  of  water 

1,032 

20.9 

Foot  of  shoals,  surface  of  water 

1,031 

21.3 

Head  of  shoals,  surface  of  water 

1,031 

21  3 

Foot  of  shoals,  surface  of  water 

1 ,  030 

21.5 

Head  of  shoals,  surface  of  water 

1,03C 

21.7 

Head  of  large  island,  head  of  shoals,  surface  of  water 

1,030 

22 

250  feet  below  foot  of  large  island,  foot  of  sh<  als,  surface  of  water. . 

i,02e 

22.4 

Ford,  head  of  shoals,  surface  of  water 

1,026 

22.5 

Foot  of  shoals,  surface  of  water 

l,02,c 

23.4 

Head  of  shoals,  surface  of  water 

1,024 

23.  7 

Head  of  shoals,  surface  of  water 

1,023 

23.7 

Foot  of  shoals,  surface  of  water 

1,022 

24 

Head  of  shoals,  surface  of  water 

1,022 

24.3 

Foot  of  shoals,  surface  of  water 

l,01f 

25 

Avery  Ford,  50  feet  above,  head  of  shoals,  surface  of  water 

"l,01.c 

25 

Foot  of  shoals,  surface  of  water 

1,012 

25.4 

Head  of  shoals,  surface  of  water 

1,012 

25.  4 

Foot  of  shoals,  surface  of  water 

1,012 

26.6 

Between  long  island  and  north  bank  of  river,  head  of  shoals,  surface 
of  water 

1,00£ 

26.6 

Foot  of  shoals,  surface  of  water 

1,007 

27.2 

Surface  of  water 

1,006 

28.1 

Head  of  shoals,  surface  of  water 

1,00^ 

28.2 

Head  of  long  narrow  island,  foot  of  shoals,  surface  of  water 

1,002 

29 

Greenlea  Ford,  head  of  shoals,  surface  of  water 

1,001 

29.1 

Foot  of  shoals,  surface  of  water 

1,001 

a  Circuit  from  White  Ford  to  Avery  Ford  is  adjusted  to  Glen  Alpine,  73.2  feet  north  of  north  rail  of 
main  track,  southeast  corner  of  brick  basement  of  Hennessee  &  Co.'s  store,  bronze  tablet  marked 
'1215;  "  elevation,  1,213.944  feet. 
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Elevations  on  Catawba  River  between  Halltown  Road  and  Connelly  Springs,  N.  C—  Cont'd. 


Distance 
in  miles. 


29.4 

29.6 

29.9 

29.9 

30.2 

31.7 

32 

33 

33.  5 

34.2 

34.4 

34.8 

35.  5 

37.1 

37.9 

38.5 

38.  5 

38.7 

40.7 

40.7 

41.2 

41.2 

41.4 

41.4 

41.6 

41.8 

41.9 

43.6 

43.6 

43.8 

43.8 

44.5 

44.5 

Between  island  and  mouth,  head  of  shoals,  surface  of  water 

Foot  of  island,  foot  of  shoals. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Upper  Morganton  Bridge,  head  of  shoals  under,  surface  of  water. 
Fleming  Ford,  head  of  islands  at,  head  of  shoals,  surface  of  water. 

Foot  of  shoals,  surface  of  water 

Lower  Morganton  Bridge,  under,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


Below  island  at  mouth  of  creek  on  south  bank,  foot  of  shoals,  surface 
of  water 


Mouth  of  John  River,  surface  "of  water A 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Huffman  Ferry,  north  bank,  west  side  of  road,  nail  in  post 

Huffman  Ferry,  at  east  corner  of  Huffman's  house,  nail  in  root  of 
tree  at 

Surface  of  water 

Head  of  shoals,  surface  of  water 

At  mouth  of  creek  on  south,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  large  island,  head  of  shoals,  surface  of  water 

Between  island  and  north  bank  of  river,  foot  of  shoals,  surface  of 
water 

Foot  of  island,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


Lovelady  Ford,  at  head  of  small  island  between  large  island  and 
south  bank,  head  of  shoals,  surface  of  water 

Lovelady  Ford,  north  bank  of  river,  surface  of  water 

Foot  of  large  island  at  foot  of  shoals,  surface  of  water 

County  Ferry,  200  feet  south  of;  west  side  of  road,  nail  in  box  alder 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


Elevation 
in  feet. 


1,000 

998 

998 

997 
«  996 

992 

988 

986 

986 

977 

976 

974 
972 
969 
963 
974.2 

1,011.75 
961 
959 
957 
956 
955 

955 
955 

955 

954 
953 
951 
968.8 
948 
947 
947 
947 
"  946 


«  Upper  Morganton  Bridge  line  adjusted  to  Morganton,  Burke  County  court-house,  extreme  north- 
west corner  of  north  portico,  bronze  tablet  marked  "  1182;  "  elevation,  1,180.774  feet. 

&  Connelly  Springs,  142.4  feet  north  of  north  rail  of  main  track,  James  Hudson's  brick  store  south 
front,  near  east  corner,  bronze  tablet  marked  "  1193;  "  elevation,  1,191.762  feet. 

Johnson  Mill  Creek  flows  into  Catawba  L.6  miles  below  County  Ferry,  south  side  of  river. 

NoTE.-Water-surface  elevations  adjusted  to  mean  gage  reading  1.8  feet  at  Upper  Morganton  Bridge 
Elevation  of  1.8- footmark,  99G.3  feet. 
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TALLULAH   RIVER  BELOW   BLALOCK,  GA. 

Tallulah  River  rises  in  Habersham  and  Rabun  counties,  Ga.,  flows 
in  a  southeasterly  direction,  and  joins  Chattooga  River  a  little  below 
Tallulah  Falls,  thus  forming  Tugaloo  River.  During  August,  1903, 
this  river  was  surveyed  between  Tallulah  Falls,  Ga.,  and  the  mouth 
of  Persimmon  Creek,  near  Blalock,  Ga.  The  distance  between  these 
points  is  about  33  miles,  and  there  is  a  fall  of  451  feet.  The  survey 
consisted  of  a  line  of  primary  levels  based  upon  the  United  States 
Geological  Survey  bench  mark  at  Tallulah  Falls,  and  a  plane-table 
survey  of  the  course  of  the  river.  The  field  sheets  were  plotted  on  a 
scale  of  1 :  22,500,  30  bench  marks  were  established,  and  69  water- 
surface  elevations  obtained. 

Tallulah  River  is  a  typical  mountain  stream  and  is  subject  to 
sudden  freshets.  As  the  Chattooga  is  of  the  same  character  the 
Tugaloo  is  a  dangerous  stream,  a  rise  of  1.6  feet  per  hour  for 
three  consecutive  hours  being  recorded  on  March  23,  1903,  at  the 
Southern  Railway  bridge  near  Toccoa,  Ga.  On  this  occasion  the 
river  rose  15.2  feet  in  eighteen  hours. 

Tallulah  River  crosses  the  fall  line  at  Tallulah  Falls,  Ga.  In 
this  vicinity  is  some  of  the  most  picturesque  and  rugged  scenery 
in  the  Southern  States.  In  3  miles  the  river  drops  from  1,415  to 
755  feet  above  sea  level,  or  a  distance  of  660  feet.  The  principal 
falls,  in  the  order  in  which  they  occur,  are  L'eau  D'or,  28  feet;  Tem- 
pesta,  76  feet;  Hurricane,  89  feet;  Oceana,  41  feet;  Bridal  Veil,  17 
feet — all  in  a  distance  less  than  three-fourths  of  a  mile.  On  either 
bank  are  precipitous  cliffs,  rising  in  some  places  500  feet  sheer.  The 
gorge  continues  to  the  Tugaloo,  with  the  exception  of  one  place  about 
one-half  mile  long,  where  it  opens  up  and  forms  what  is  known  as  the 
Old  Valley  farm.  On  either  side  the  country  is  covered  with  woods, 
but  not  a  great  deal  of  merchantable  timber  appears  to  be  available. 

In  2  miles,  above  Tallulah  Falls,  the  river  has  a  fall  of  110  feet. 
At  the  head  of  this  fall  the  bottom  widens  into  a  valley  which 
appears  to  be  an  excellent  basin  for  storing  water.  Three  and  one- 
fourth  miles  farther  upstream  at  an  unnamed  shoal  with  a  12-foot 
fall,  there  is  a  fair  site  for  a  dam.  The  bottom  is  rocky,  and  there 
are  steep  hills  on  either  side. 

Five  miles  farther  upstream  is  a  shoal  with  a  25-foot  fall,  steep 
hills  on  either  side,  and  hard  rock  bottom.  Just  above  Denton  Ford 
is  a  23-foot  shoal  about  three-fourths  of  a  mile  long  where  there  is 
a  splendid  site  for  a  dam. 

The  fall  in  the  lower  Tallulah  below  the  falls  is  about  250  feet. 
A  large  portion  of  this  fall  can  be  used  for  power  without  interfering 
with  the  resort  at  Tallulah  Falls.  By  installing  an  electrical  plant 
at  the  upper  end  of  Old  Valley  farm  a  good  power  could  be  obtained. 
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The  elevations  in  the  following  list  are  based  upon  the  elevation 
of  a  bronze  tablet  in  rock  70  feet  east  of  the  public  road  and  20 
feet  south  of  Tallulah  Falls,  station  marked  "1569  Atlanta."  This 
elevation  is  accepted  as  1,568.302  feet  above  mean  sea  level  in  accord 
with  the  1903  adjustment  of  the  precise-level  net.  The  line  is  cor- 
rected to  accord  with  primary  work  at  mouth  of  river  and  at  Burton. 

The  leveling  was  done  in  1903,  under  the  direction  of  Carroll  Cald- 
well, field  assistant,  by  T.  B.  O'Hagan,  levelman. 
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Ftg.  2.— Profile  of  Tallulah  River  below  Blalock,  Ga. 


Elevations  on  Tallulah  River  from  mouth,  near  Tallulah  Falls,  to  near  Blalock,  Ga. 


Distance. 


().() 
.0 
.0 

.2 

.3 

.4 

.6 

.9 
1.3 
1.6 
1.  7 
1.8 
2 

2.1 
2.2 
2.2 
2.25 


Junction  of  Chattooga  and  Tallulah  rivers,  surface  of  water 

100  feet  north  of  junction  rivers,  edge  of  river,  point  on  rock 

200  feet  north  of  junction  rivers,  west  side  of  Tugaloo  River,  gum 
tree,  nail  in  root  of 

Chattooga  River,  500  feet  north  of,  west  side  of  Tallulah  River,  nail 
in  root  of  oak  stump 

Surface  of  water 

Mouth  of  small  stream,  surface  of  water 

150  feet  west  of  river 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Foot  of  rapids,  surface  of  water 

Middle  of  rapids,  surface  of  water 

Head  of  rapids,  surface  of  water 

Foot  of  rapids,  surface  of  water 

Surface  of  water 


Elevation 
in  feet 


754 
761.29 

762.  65 

769.  46 

767 

782 

799.  86 

818 

848 

878 

893 

911 

935 

944 

947 

954 

964 
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Elevations  on  Talhdah  River  from  mouth,  near  Tallulah  Falls,  to  near  Blalock,  Ga. — Cont'd. 


Distance 
in  miles. 


2.3 

2.35 

2.38 

2.4 

2.5 

2.6 

2.6 

2.65 

2.8 

2.85 

3.1 

3.1 

3.1 
3.2 
3.2 
3.3 
3.4 
3.6 


3.6 
3.6 


4.9 

4.9 

5.1 

5.5 

5.6 

5.6 

6 

6.5 

6.6 

7.3 

7.3 

8.4 


Foot  of  small  falls,  surface  of  water 

Foot  of  rapids,  surface  of  water 

300  feet  below  bend,  head  of  rapids,  surface  of  water 

Surface  of  water 

Surface  of  water 

Bridal  Veil  Falls,  foot  of,  surface  of  water 

Head  of  falls,  surface  of  water 

Surface  of  water 

Oceana  Falls,  foot  of,  surface  of  water 

Head  of  falls,  surface  of  water 

Hurricane  Falls,  foot  of,  surface  of  water 

Head  of  Hurricane  Falls,  surface  of  water 

Tempesta  Falls,  foot  of,  surface  of  water . 

Tempesta  Falls,  head  of,  surface  of  water 

L'eau  d'or  Falls,  foot  of,  surface  of  water 

L'eau  d'or  Falls,  head  of,  surface  of  water 

Surface  of  water 

Surface  of  water 

Clayton  Road  iron  highway  bridge,  surface  of  water 

Tallulah  Falls  station,  70  feet  east  of  public  road,  20  feet  south  of 
station,  in  rock,  bronze  tablet  marked  "  1569  Atlanta" 

Tallulah  Falls,  0.5  mile  northeast  of;  at  forks  of  road,  50  feet  south 
of  bridge  over  river 

Clayton  Road  iron  highway  bridge,  0.5  mile  north  of  Tallulah  Falls, 
floor  of 

Surface  of  water 

Opposite  stone  pier  railroad  bridge,  surface  of  water 

Surface  of  water 

On  rock,  surface  of  water 

Foot  of  falls,  surface  of  water 

Top  of  falls,  surface  of  water 

Surface  of  water 

Head  of  island,  surface  of  water 

20  feet  west  of  Tallulah  Falls  Railroad,  point  on  top  of  rock 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

150  feet  east  of  river,  in  cornfield,  dead  apple  tree,  nail  in  root  of. . . 

Surface  of  water 

Surface  of  water 
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Elevations  on  TalluMh  River  from  mouth,  near  Tallulah  Falls,  to  near  Blalock,  Ga. — Cont'd. 


Distance 
in  miles. 

Elevation 
in  feet. 

8.6 

Surface  of  water 

1,578 

8.7 
8.7 

65  feet  north  of  river,  in  cornfield,  walnut  tree,  nail  in  root  of 

Surface  of  water 

1,589.25 

1,578 

9.6 

Tiger  Creek,  on  point  of  land  between  river  and  creek,  burnt 
tree,  nail  in  side  of 

poplar 

1,590.30 

9.6 

Surface  of  water 

1,584 

9.9 

Surface  of  water 

1,589 

10 

5  feet  west  of  river,  in  footpath,  point  on  sharp  rock 

1,595.59 

10.2 

Surface  of  water 

1,592 

10.4 

1,596 

10.5 

10  feet  west  of  river,  nail  in  root  of  beech  tree. 

1,601.32 

10.  6 

Surface  of  water 

1,600 

10.9 

Surface  of  water 

1,603 

11.8 

Crane  Ford,  150  feet  west  of,  apple  tree,  nail  in  root  of. . 

1,620.33 

11.8 

Surface  of  water 

1,607 

12.1 

Surface  of  water 

1,610 

13.3 
13.3 

Dockens  Ford,  12  feet  west  of  river,  nail  in  side  of  dead  tree 

Surface  of  water 

1,623.06 
1,615 

13.8 
13.8 

Ellord  Ford,  150  feet  east  of,  at  bend  of,  poplar  tree,  nail  in  si 
Surface  of  water 

de  of. . , 

1,634.36 
1,621 

14.4 

Surface  of  water 

1,626 

14.5 

Surface  of  water 

1,628 

14.6 

Eden  Church,  150  feet  west  of,  150  feet  east  of  river,  nail  in 
large  red-oak  tree 

root  of 

1,649.41 

15.6 
15.6 

Taylor  Shoals,  10  feet  west  of  river,  middle  of,  point  on  large  flat  rock. 
Surface  of  water 

1,644.90 
1,641 

16.2 

Surface  of  water 

1,648 

16.5 

Surface  of  water 

1,657 

16.6 

Surface  of  water 

1,657 

17.7 
18.4 

James  Smith  boat  landing,  2  feet  west  of  river,  nail  in  stump 

Fall  Creek,  mouth  of,  surface  of  water 

1,670.53 

1,669 

18.6 
18.6 

Jones  Ford, 6  feet  south  of  river, slanting  persimmon  tree, nail  in  side  of 
Surface  of  water 

1,677.33 
1,674.6 

19.2 
20.6 

Flat  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

1,681 

1,687 

20.9 

Cliff  Creek,  mouth  of,  surface  of  water. . 

1,690 

21.4 

Surface  of  water . 

1,697 

21.5 
21.5 

Denton  Ford,  10  feet  west  of  river,  nail  in  root  of  pine  tree 

Surface  of  water 

1,703.61 
1,701 

21.8 

Mouth  of  small  stream,  surface  of  water 

1,703 

21.9 

Seal  Creek,  mouth  of,  foot  of  double  shoals,  surface  of  water 

1,704 
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Elevations  on  Tallulah  River  from  mouth,  near  Tallulah  Falls,  to  near  Blalock,  Ga. — Cont'd. 


Surface  of  water 

Middle  of  shoals,  surface  of  water 

Crow  Ford,  100  feet  south  of,  10  feet  south  of  river,  twin  hemlock 
t  ree,  nail  in  root  of 

Surface  of  water 

Scarecrow  Creek,  mouth  of,  surface  of  water 

George  Creek,  mouth  of,  surface  of  water 

Bridge  Creek,  mouth  of,  surface  of  water 

In  shoals,  surface  of  water 

Ford,  surface  of  water. 

At  above  ford,  south  edge  of  river,  point  on  rock 

Rocky  Ford,  1<>  feel  south  of,  dead  hemlock  tree,  nail  in  root  of.  . 

Surface  of  water 

Surface  of  water 

Kciiii\  Creek,  mouth  of,  surface  of  water 

Fuller  Ford,  surface  of  water .'. 

Fuller  Ford,  500  feet  northwesl  of,  point  on  rock 

Surface  of  w  ater 

Cannon  Ford,  75 feet  southwest  of ,  nail  in  root  of  white  oak 

Surface  of  water 

Ford,  wesl  side  of,  nail  in  root  of  red  gum  t  ree 

Surface  of  water 

Wildcat  Creek,  50fee1  southwesl  of,  wesl  side,  of  road,  point  on  rock 

Surface  of  water 

Surface  of  water 

Surface  of  water 

I  )icks  Creek,  surface  of  water 

Burton,  12  feet  southwest  of  bridge,  nail  in  root  of  maple  tree 

Floor  of  bridge 

Surface  of  water 

High-water  mark 

Burton,  1,000  feel  above  bridge,  L5feet  east  of  river,  10  feet  west  of 
road,  bronze  tablet  marked  "  -" 

12  feel  west  of  ford,  nail  in  side  of  ash  tree 

Surface  of  water 

Surface  of  water 

Murford,  100  feet  southwest  of,  nail  in  west  side  of  white-oak  tree.  .  . 

Surface  of  water 

Rocky  Ford,  surface  of  water 

Shallow  Ford,  500  feel  southeast  of,  in  road,  point  on  rock 

Surface  of  water 


Elevation 
in  feet. 


1,707 
1,714 

1,725.93 

1,724 

1,727 

1,737 

1,738 

1,747 

1,749 

1 ,  750.  29 

1,758.47 

1,756 

1 ,  757 

1 ,  700 

1,760 

1,762.62 

1,707 

1,781.97 

1,769 

1,777.87 

1,774 

1,783.  19 

1,776 

1,785 

1,787 

1,789 

1,794.96 

1 ,  S06.  4 

1,790 

1,804 

1,795.140 

1,  SI 9.  04 

1,813 

1,819 

1,838.05 

1,824 

1,829 

1,841.48 

1,835. 


HALL   AND 
HOYT. 


TUGALOO    RIVER.  23 

Elevations  on  Tallulah  River  from  mouth,  near  Tallulah  Falls,  to  near  Blalock,  Ga. — Cont'd. 


Distance 
in  miles. 

Elevation 
in  feet. 

33.6 

Deep  Ford,  30  feet  south  of,  nail  in  side  of  sycamore  tree 

1,842.39 

33.6 

Surface  of  water 

1,839 

34.3 

Popcorn  Creek,  mouth  of,  surface  of  water 

1,849 

35 

Deep  Ford,  3  feet  east  of,  nail  in  side  of  beech  tree 

1,862.03 

35.8 

Persimmon  Creek,  75  feet  east  of  river,  30  feet  south  of  creek,  nail 
in  side  of  hickory  tree 

1,881.67 

TUGALOO  RIVER  BELOW  TALLULAH   FALLS,  GA. 

Tugaloo  River,  which  flows  in  a  southeasterly  direction  between 
Georgia  and  South  Carolina,  is  a  continuation  of  Savannah  River, 
and  extends  from  the  mouth  of  Seneca  River  to  the  mouth  of  Chat- 
tooga River.  The  bed  of  the  stream  is  in  Georgia.  The  survey  of 
this  river  covered  a  distance  of  50 ^  miles.  It  connected  with  the 
survey  of  Savannah  River  at  Anderson ville,  and  extended  past  the 
mouth  of  the  Chattooga  along  the  Tallulah  as  far  as  Tallulah  Falls. 
The  primary  levels  were  based  upon  the  United  States  Geological 
Survey  bench  mark  at  Parkesville,  Ga.  Nine  bench-mark  tablets 
and  64  temporary  bench  marks  were  established,  and  98  water-surface 
elevations  were  obtained.  The  plane-table  sheets  were  plotted  on 
a  scale  of  1 :  22,500  for  that  portion  of  the  survey  above  the  mouth 
of  the  Chattooga;  from  that  point  to  Owens  Shoals  the  scale  was 
1:45,000;  between  Owens  Shoals  and  Andersonville  it  was  1 :  22,500. 

From  the  head  of  the  Tugaloo  to  a  point  about  one  mile  above 
the  mouth  of  Panther  Creek  the  banks  are  very  steep,  but  are  not 
so  marked  as  along  the  Tallulah,  except  in  some  places  where  there 
is  a  cliff  on  one  side.  Below  the  point  above  mentioned  the  bottom 
is  from  one-fourth  to  three-fourths  mile  wide  in  most  places,  the 
soil  being  very  fertile  and  in  a  high  state  of  cultivation.  Cotton 
is  the  main  crop,  with  corn  next,  wheat,  rye,  sugar  cane,  etc.,  com- 
bined making  but  a  small  percentage  of  the  yield.  The  timber  is 
very  scattered. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  marked  "  1050  M.  C."  at  Washington  street  entrance  to  the 
State  capitol  at  Atlanta,  the  elevation  of  which  is  now  accepted 
as  1,049.546  feet  above  mean  sea  level.  The  initial  point  upon  which 
these  levels  depend  is  a  bronze  tablet  at  north  side  of  east  entrance 
at  court-house  at  Clarksville,  Ga.,  marked  "  1373  Atlanta,"  the  eleva- 
tion of  which  is  accepted  as  1,371.991  feet  above  mean  sea  level, 
in  accord  with  the  1903  adjustment  of  the  precise-level  net. 
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The  leveling  was  done  in  1903  under  the  direction  of  Carroll  Cald- 
well, field  assistant,  by  T.  B.  OTIagan,  levelman. 

All  permanent  bench  marks  are  marked  with  the  letters  "Atlanta" 
in  addition  to  the  figures  of  elevation. 
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Fig.  3.— Profile  of  Tugaloo  River  below  Tallulah  Falls,  Oa. 
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Elevations  from  Clarksville,  via  TurnerviUe,  to  Tallulah  Falls,  Ga. 


Elevation  in 
feet 


Clarksville,  Habersham  County  court-house,  north  side  of  east  entrance,  bronze 

tablet  marked  "  1373  At  lanta  " 1, 371.  991 

Clarksville,  0.7  mile  southeast  of,  west  side  of  road,  nail  in  root  of  oak  tree 1,  436.  353 

Clarksville,  2  miles  east  of,  south  of  track,  nail  in  root  of  old  stump 1,  444 

Clarksville,  1.5  miles  east  of  station,  dogwood  tree,  nail  in  root  of 1,  457.  576 

Clarksville,  2.5  miles  east  of,  at  railroad  crossing,  south  of  track,  oak  tree,  nail 

in  root  of 1,  419.  40 

Clarksville,  4.5  miles  east  of,  oak  stump,  nail  in  root  of i  1,  440.  16 

Clarksville,  6  miles  east  of,  nail  in  root  of  oak  tree 1,  513.  52 

Clarksville,  7.5  miles  east  of,  nail  in  root  of  oak  tree 1,  475.  66 

TurnerviUe  station,  30  feet  north  of,  nail  in  root  of  cottonwood  tree 1,  542.  98 

TurnerviUe,  1.9  miles  northeast  of,  south  of  track,  nail  in  root  of  oak  tree 1,  590.  48 

TurnerviUe,  3.2  miles  northeast  of  station,  nail  in  stump  of  gum  tree 1,  588.  65 

TurnerviUe,  4  miles  northeast  of,  at  road  crossing  east  of  track,  nail  in  root  of 

persimmon  tree 1,  612.  33 

Tallulah  Lodge,  40  feet  east  of  track,  nail  in  side  of  hickory  tree 1,  605.  84 

Tallulah  Falls  station,  20  feet  south  of,  70  feet  east  of  public  road,  rock, 

bronze  tablet  marked  "  1569  Atlanta  " 1,  568.  302 

Tallulah  Falls,  0.5  mile  north  of  east  of,  at  forks  of  road,  50  feet  south  of 

bridge  over  river 1 ,  457.  92 
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Elevation  ]rom  'point  2  miles  south  of  Tallulah  Falls  south  down  Tugaloo  and  Savannah  rivers 
to  mouth  oj  Broad  River,  Lisbon,  Ga. 


Elevation  in 
feet. 


Turnerville,  3.2  miles  east  of  station,  nail  in  stump  of  gum  tree 

Turnerville,  4.3  miles  east  of,  nail  in  root  of  oak  tree 

Turnerville,  4.4  miles  east  of,  nail  in  root  of  pine  tree 

I 
Turnerville,  5.1  miles  east  of,  south  of  road,  point  on  rock 


1,588.65 

1,  504. 20 

1,386.10 

979.  72 


Elevations  on  Tugaloo  River  below  Tallulah  Falls. 


Distance 
in  miles. 

Elevation 
in  feet. 

0.0 

.0 
.0 

Junction  of  Tallulah  and  Chattooga  rivers,  200  feet 
gum  tree,  west  side  of  Tallulah  River,  nail  in  root  oi 

Junction  of  rivers,  100  feet  northwest  of;  edge  of  river, 

Junction  of  Tallulah  and  Chattooga  rivers,  water  surf 

Tugaloo  River,  head  of,  pine  tree,  nail  in  root  of 

lorthwest  of, 
gum  tree. . . . 

point  on  rock . 

ace 

762.  65 
761.29 
754 

.0 

728.  86 

.7 

Island,  head  of,  surface  of  water 

723 

.8 

Surface  of  water 

711 

2 

Surface  of  water. .                                                   

698 

2 

West  side  of  river,  point  on  rock 

698.  79 

2.1 

Surface  of  water 

690 

2.4 

Surface  of  water. ...                                                 

686 

2.8 

Hickory  tree,  nail  in  root  of 

690.  51 

2.8 

Surface  of  water 

684 

2.9 

Surface  of  water 

681 

3.  1 

Small  stream,  mouth  of,  surface  of  water 

674 

4.4 

Panther  Creek,  mouth  of,  surface  of  water 

669 

4.4 

Panther  Creek,  600  feet  south  of  mouth  and  50  feet  west  of 
west  edge  of  public  road,  in  large  rock,  bronze  tablet  marked 
Atlanta" 

fiver, 
"715 

713. 793 

5.3 

Surface  of  water 

667 

5.4 

Deaton  Ford,  surface  of  water 

666 

5.4 

Small  bridge,  surface  of  water 

664 

5.4 

Walnut  tree,  nail  in  root  of 

676.  45 

6.3 

Surface  of  water 

659 

6.4 

Small  creek,  South  Carolina  side,  mouth  of,  surface  of 
Walnut  tree,  100  feet  west  of  river,  nail  in  root  of... 

water. . 

655 

7.4 

664.  87 

7.5 

Small  boat  landing,  surface  of  water 

652 

8 

Big  John  Creek,  mouth  of,  surface  of  water 

650 

8.9 

Prather's  bridge,  100  feet  northwest  of  river  and  old  bridge,  cotton- 
wood  tree,  nail  in  side  of 

659. 02 

8.9 

Surface  of  water 

648 

9.9 

James  Prather  homestead,  middle  step  front  entrance, 
marked  "728  Atlanta" 

bronze  tablet 

726.  873 
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Distance 
in  miles. 

Elevation 
in  feet. 

10.5 

Stream,  mouth  of,  surface  of  water 

646 

11.5 

Surface  of  water 

644 

11.5 

Apple  tree,  600  feet  west  of  river,  nail  in  root  of . .            

657.  40 

13 

Stream,  mouth  of,  surface  of  water 

642 

13 

Gum  tree,  10  feet  west  of  river,  nail  in  root  of 

658.  51 

13.8 

Gum  tree,  west  edge  of  river,  nail  in  root  of 

651.33 

13.8 

Toccoa  Creek,  mouth  of,  surface  of  water 

641 

13.9 
15.4 

Jarrett  Bridge,  surface  of  water  (during  flood  Mar.  21 
Water  oak  tree,  4  feet  east  of  river,  nail  in  root  of 

, 1903) 

642.5 
642.  50 

15.4 

Walnut  tree,  50  feet  west  of  railroad  bridge,  nail  in  roo 

Railroad  bridge  crossing  Tugaloo  River,  west  abutn 
tablet  marked  "666  Atlanta". 

tof.. 

660.  52 

15.4 

lent,  bronze 

665.  467 

15.4 

Stream,  mouth  of,  surface  of  water 

640 

16.4 

Stream,  mouth  of,  surface  of  water 

639 

16.5 

Sycamore  tree,  50  feet  south  of  river,  nail  in  root  of  . 

641.09 

16.5 

Stream,  mouth  of,  surface  of  water... 

637 

17.5 

50  feet  east  of  river,  birch  tree,  nail  in  root  of 

646.  91 

18 

Surface  of  water 

636 

18 

200  feet  east  of  county  road,  100  feet  west  of  river,  walnut  tree,  nail 
in  root  of 

648.  60 

19 

Saw  mill,  mouth  of  stream  opposite,  surface  of  water 

632 

19.1 

Walnut  tree,  nail  in  root  of 

647.  65 

20.1 

Stream,  mouth  of,  surface  of  water 

630 

21.3 

Swamp  bush,  3  feet  northwest  of  river,  nail  in  top  of. 
Rock  Creek,  10  feet  south  of,  walnut  tree,  nail  in  root 
Surface  of  water 

634.  60 

21.7 

of 

640.  35 

21.7 

624 

22 

Jenkins  Ferry,  400  feet  northwest  of,  200  feet  west  of  river,  walnut 
tree,  nail  in  root  of 

638.  10 

22 

W.  J.  Perkins  homestead,  north  side  of  house,  in  chir 
above  ground,  bronze  tablet  marked  "732  Atlanta" 

Surface  of  water 

nney,  2  feet 

a  730.  754 

22 

624 

22 

High  water 

638 

22.3 

Stream,  mouth  of,  surface  of  water 

622 

22.4 

Walnut  tree,  nail  in  stump 

635.  56 

22.  6 

Walnut  tree,  40  feet  west  of  river,  nail  in  root  of 

634.  32 

23.2 

Birch  tree,  on  edge  of  small  stream,  nail  in  root  of 

629.  55 

24.5 

Surface  of  water 

618 

24.5 

Small  tree,  4  feet  west  of  river,  nail  in  root  of 

619.  47 

25.1 

Surface  of  water 

616 

25.5 

Pine  tree,  50  feet  west  of  river,  nail  in  root  of 

625.  12 

25.7 

Surface  of  water 

614 

«  The  above  is  on  a  single  spur  line. 
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Distance 
in  miles. 

Elevation 
in  feet. 

26.1 

Old  stump,  41  feet  west  of  river,  nail  in 

615.  42 

26.3 

Head  of  Shelor  Shoals,  surface  of  water 

610 

27.6 

Walnut  tree,  10  feet  north  of  river,  nail  in  root  of. . 

614  54 

27.6 

Surface  of  water 

607 

27.9 

Surface  of  water 

605 

28.1 

Large  creek,  mouth  of,  surface  of  water 

604 

29.1 

Pine  tree,  5  feet  northeast  of  river,  nail  in  top  of 

623.  27 

29.3 

Shelor  Ferry,  water  oak  tree,  10  feet  northeast  of 
root  of 

river,  nail   in 

606  46 

29.3 

Surface  of  water 

600 

29.3 

Shelor  Ferry,  0.3  mile  southwest  of;  100  feet  northwest  of   I.  E. 
Martin's  house,  10  feet  north  of  road,  in  large  rock,  bronze  tablet 
marked  "630  Atlanta" 

y  628  875 

30.1 

Stream,  mouth  of,  surface  of  water 

599 

30.3 

Sycamore  tree,  10  feet  north  of  river,  nail  in  root  of. 
Mouth  of  stream,  near  bend  in  river,  surface  of  water 
Water  oak  stump,  10  feet  north  of  river,  nail  in  root 
Surface  of  water 

601. 17 

30.3 

597 

30.4 

3f 

598.  10 

30.4 

595 

31.8 

592 

32.3 

Near  Middle  Branch,  apple  tree,  nail  in  root  of 

597.  79 

32.4 

Surface  of  water 

590 

33.1 

Surface  of  water ! 

588 

33.6 

Knox  Bridge,  100  feet  west  of,  in  fork  of  road,  maple  tree,  nail  in 
root  of 

602  73 

33.6 

Knox  Bridge,  200  feet  west  of   S.  A.  Glenn's  house, 
bronze  tablet  marked  "613  Atlanta" 

in  chimney, 

612  241 

33.6 

588 

34.3 

Surface  of  water 

587 

34.3 
35.3 

Shoal  Creek,  mouth  of,  surface  of  water 

top  of 

598. 34 
586 

35.3 

Pine  stump,  200  feet  north  of  river,  nail  in  top  of.  . . 

601  72 

35.4 

Knox  Branch,  mouth  of,  surface  of  water 

586 

36.1 

Oak  tree,  900  feet  north  of  river,  nail  in  root  of. . . 

591  83 

36.5 

Burton  Branch,  mouth  of,  surface  of  water... 

582 

37.5 

South  side  of  river,  point  on  bottom  of  cliff 

588  07 

37.8 

Pullins  Ferry,  250  feet  south  of,  10  feet  north  of  road, 
nail  in  root  of 

red  oak  tree, 

596  59 

37.8 

Pullins  Ferry,  surface  of  water  . . 

581 

38.4 

Cleveland  Shoals,  head  of,  surface  of  water. . . 

578 

39.6 
39.6 

Averys  Ferry,  sycamore  tree  10  feet  north  of  river,  nail  in  root  of  . . 
Foot  of  shoals,  surface  of  water. . .  . 

584.  36 

578 

39.8 

Bottom  of  cliff,  2  feet  south  of  river,  point  on  rock. . . 

581.95 
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Distance 
in  miles. 

Elevation 
in  feet. 

39.8 

Averys  Ferry,  20  feet  south  of   river,  top  of  cliff,  in  rock,  bronze 
tablet  marked  "  588  Atlanta  " 

587.  443 

40.  3 

40.3 

Bradberrys  Ferry,  walnut  tree  100  feet  south  of  river,  nail  in  root  of. . 
Chandlers  Shoals,  head  of,  surface  of  water 

581.  95 
575 

40.7 
40.8 

Bottom  of  cliff,  1  foot  south  of  river,  point  on  rock 

Beech  tree,  1  foot  south  of  river,  nail  in  root  of 

577. 26 
572.  24 

40.8 

Surface  of  water 

570 

40.9 
41.  1 

Reed  Creek,  mouth  of,  surface  of  water 

Foot  of  Chandlers  Shoals,  surface  of  water 

564 

562 

41.4 
41.7 

Reed  Creek,   900  feet  east  of  10  feet  south  of  river,  nail  in  stump  . . 
Boat  landing,  birch  tree,  nail  in  root  of. .                     

566.  95 
563.  72 

42.3 

Hatton  Shoals,  head  of,  surface  of  water. .          

560 

42.8 

North  edge  of  river,  F.  Clark's  house,  1,000  feet  south  of,  nail  in 
root  of  maple  tree 

556.  79 

42.8 

Surface  of  water 

555 

43.3 
43.3 

Big  Beaverdam  Creek,  25  feet  east  of,  nail  in  root  of  beech  tree 

Surface  of  water 

554.  01 
546 

43.7 

Large  pine  tree,  25  feet  east  of  small  stream,  5  feet  north  of  river, 
nail  in  root  of 

537.  07 

43.7 

Surface  of  water 

535 

44.2 

Hatton  Ford,  bottom  of  cliff,  point  on  rock 

526.  91 

44.2 

Surface  of  water 

525 

44.5 

Mouth  of  branch,  surface  of  water 

522 

44.7 

Mouth  of  branch,  surface  of  water 

519 

45.3 
46.3 

Water  oak  tree,  30  feet  northeast  of  river,  nail  in  root  of 

Beech  tree,  15  feet  east  of  river,  nail  in  root  of.. 

529. 36 
525.  17 

46.3 

Surface  of  water 

519 

46.6 
46.6 

Burnt  stump,  40  feet  east  of  river,  nail  in  top  of 

Su  rf ace  of  water 

524. 70 
518 

47.7 

Andersonville,  S.  C,  0.5  mile  north  of,  twin  beech  tree  15  feet  north 
of  river,  nail  in  root  of. .                    

522. 27 

47.8 

Mouth  of  branch,  surface  of  water 

516 

48.2 

Foot  of  rapids,  surface  of  water 

511 

48.2 

Andersonville,  S.  C,  east  side  of  road,  200  feet  east  of  river,  north- 
west of  Little  Broadway  Creek,  in  rock,  bronze  tablet  marked 
i;  538  Atlanta  " 

537.  519 

48.2 

"  Brouris  "  Ferrv,  surface  of  water 

510 

48.2 

20  feet  west  of  river,  point  on  rock 

514.  4,5 
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SAVANNAH   RIVER   FROM   ANDERSONVILLE,   S.  C,  TO   LISBON,   GA. 

Savannah  River,  which  flows  between  Georgia  and  South  Carolina, 
is  formed  by  the  junction  of  Seneca  and  Tugaloo  rivers  at  Ander- 
sonville,  Anderson  County,  S.  C.  Tugaloo  River  is  in  turn  formed 
by  the  junction  of  Tallulah  and  Chattooga  rivers  at  a  point  about  3 
miles  below  Tallulah  Falls,  Georgia. 

Savannah  River  proper  flows  in  a  southeasterly  direction  through 
a  rather  hilly  country,  which  is  chiefly  devoted  to  the  production  of 
cotton  and  corn.  On  the  lowlands  these  crops  are  sometimes  dam- 
aged by  high  water.  The  river  contains  many  small  islands,  some 
of  which  are  in  a  high  state  of  cultivation. 

During  April  and  May,  1903,  a  survey  of  Savannah  River  between 
Andersonville,  S.  C,  and  the  mouth  of  Broad  River,  near  Lisbon,  Ga., 
a  distance  of  42  miles,  was  made  by  Carroll  Caldwell,  field  assistant. 
In  the  above  distance  there  is  a  fall  of  219  feet.  The  primary  levels 
for  this  survey  were  based  on  the  United  States  Geological  Survey 
bench  mark  at  Andersonville,  S.  C.  Field  sheets  were  plotted  on 
the  scale  of  1 :  22,500,  and  during  the  course  of  the  survey  7  tablets 
and  62  temporary  bench  marks  were  established,  91  water-surface 
elevations  determined,  and  the  following  possible  powers  noted. 

The  first  shoal  of  importance  is  the  McDaniels  Shoal,  where  there 
is  a  fall  of  19  feet  in  2h  miles.  Half  a  mile  above  the  foot  of  the 
shoal  and  at  the  head  of  Harper  Island  is  an  excellent  site  for  a 
dam  about  700  feet  long. 

At  Turners  Shoals  there  is  a  fall  of  17  feet  in  about  2\  miles.  These 
shoals  begin  at  Kenly  Ferry  and  extend  to  Craft  Ferry.  The  river 
widens  considerably  about  a  mile  below  Kenly  Ferry  and  has  several 
good  sites,  one  being  on  Craft  Island.  These  shoals  could  be  devel- 
oped only  at  considerable  expense,  as  a  dam  would  have  to  be  1,000 
feet  long. 

Half  a  mile  below,  the  Middleton  Shoals  have  a  fall  of  1 1  feet  in 
\\  miles  and  offer  an  excellent  site  for  a  dam.  The  bottoms  and 
sides  are  of  rock. 

One  mile  below  are  Gregg  Shoals  with  a  7-foot  fall  in  about  a 
mile.  Here  the  river  runs  between  steep  hills  and  a  dam  would 
be  about  900  feet  long. 

Half  a  mile  below  Moseley  Ferry  are  the  Cherokee  Shoals,  having 
a  fall  of  18.9  feet  in  less  than  3  miles.  This  is  a  very  fine  power  site, 
as  the  river  runs  between  steep  hills.  A  dam  would  be  about  1,000 
feet  long  and  would  be  placed  one-fourth  of  a  mile  above  the  Seaboard 
Air  Line  bridge. 

One  and  one-fourth  miles  below  the  bridge  are  Trotters  Shoals  with 
a  fall  of  69  feet  in  6  miles.     These  are  considered  the  finest  shoals 
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on  the  river.  They  commence  at  the  foot  of  Watkins  Island  and 
run  below  Tates  mill  to  Coffee  Creek.  In  this  distance  there  are 
numerous  rocky  bluffs  where  there  are  excellent  dam  sites. 

From  the  foot  of  Trotters  Shoals  to  the  mouth  of  Broad  River, 
the  end  of  the  survey,  there  is  a  uniform  fall  of  3  feet  per  mile. 

Elevations  on  Savannah  River  from  Andersonville ,  S.  C  to  Lisbon,  Ga.a 


Distance 
in  miles. 


Elevation 
in  feet. 


48.2 

48.7 
48.7 
49.  3 

49  3 
50.5 

50  0 
,50.7 
51.4 
51.4 
52.  3 
52.  3 

52.  3 
52  8 

53.  3 
53.  3 
53.  3 
53.  3 

54.6 

54.8 

55 
55 

55  7 

55.7 
55.7 
56.1 
56.1 
56.1 
56.1 
56.8 
56.8 


Andersonville,  S.  (\.  cast  side  of  road.  200  feet  cast  of  river,  northeast 
of  Little  Broadway  Creek,  bronze  tablet  marked  "538  Atlanta  "... 

Seneca  River,  mouth  of,  surface  of  water. 

Small  pine  t  tec.  nail  in  root  of 

Branch,  mouth  of,  surface  of  water 

Sycamore  tree  on  edge  of  branch  and  river,  nail  in  root  of... 

Creek,  mouth  of,  surface  of  water 

Opposite  island,  .50  fed  west  of  river,  willow  stump,  nail  in  top  of. 

Branch,  mouth  of.  surface  «'f  water. 

In  footpath,  10  feet  west  of  river,  large  red  oak  tree,  nail  in  root  of. 

Lightwood  Log  Creek,  KM)  feel  west  of  river, tripple  water  oak  tree. 

Carters  Ferry,  surface  of  water 

High  water 

Lightwood  Log  Creek,  mouth  of.  surface  of  w  ater 

60  feet  west  of  river,  large  walnut  tree,  nail  in  root  of 

Browns  Ferry,  10  feet  west  of,  double  water  oak  tree,  nail  in  root  of. 

Surface  of  water 

I  tigh   water 

Browns  Ferry,  1,200  feel  northeasl  of  O.C.  Brown's  house,  in  brick 
and  stone  abutment  at  rear  of,  northwesl  corner,  bronze  tablet 
marked  "518  Atlanta  " 


Powderbag  ( 'reck,  mouth  of,  surface  of  water. 

Creek.  520  feel  south  of,  30  feet  west  of  river,  box  elder  tree,  nail  in 
root  of. 


Dooley  Ferry.  1  1  1  feet 
Surface  of  water 

wesl  of 

rivei 

•  PO] 

lai 

tree. 

nail  in 

root 

of... 

Craft  Island,  opposite, 
in  root  of 

hanging 

over 

edge 

of 

river, 

maple 

ree, 

nail. . 

Surface  of  water 

Long  Branch,  mouth  of,  surface  of  water 

30  feet  south  of  river,  large  poplar  tree,  nail  in  root  of 

Surface  of  water 

McDowells  Shoals,  head  of,  surface  of  water 

High-water  mark 

70  feet  southwest  of  river,  pine  tree,  nail  in  root  of 

Surface  of  water 

«  Continued  from  Tugaloo  River  elevations.    See  p.  28. 


537.519 

505 

512.60 

501 

502.78 

497 

503.  38 

493 

199. 76 
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192 
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188 
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kTaylor  Shoals 

LCarstarph^n  dam,  6  ft: 

s  Juliette 

dam,  8  ft. 

sLamf 
Wile 

r  dam,  5  ft. 
s  Ferry.  Dam,  \ 

;  ft. 

\L1 

oyd  Shoals 

Junction  with  A 
Junction  with 

lcovy  River 
bellow  River 

V-Island  Shoal' 
I  Snapping  £ 

>.  Dam,  3  ft. 
ihoals 

\  Peachstoi 
1        Dam 

\e  Shoals. 
2  ft. 

V  Simm 

i  dam,  2  ft. 

VAlbe 

:*t  Shoals 

% 

iFli 

,t  Shoals 

Vl 

lake  dam,  6  ft. 

\ 

\     Southern  Ky. 

1          bridge  at 

1  Constitution. Ga. 

Feet  above  mean  sea  level 


irr  115— Of 


HALL    AN 
HOYT 


ND]  SAVANNAH    RIVER.  31 

Elevations  on  Savannah  River  from  Andersonville,  S.  C,  to  Lisbon,  Ga. — Continued. 


Turner  Creek,  mouth  of,  southwest  of  river,  birch  tree,  nail  in  root  of. 

Surface  of  water 

20  feet  southwest  of  river,  birch  tree,  nail  in  root  of 

Surface  of  water 

Harper  Island,  0.1  mile  west  of,  red  oak  tree  bending  over  edge  of 
river,  nail  in  root  of 

Surface  of  water 

Parks  Ferry,  0.2  mile  above,  west  side  of  ferry  road,  opposite  colored 
house,  foot  of  steep  hill,  in  cliff,  bronze  tablet  marked  "495 
Atlanta  " 

Parks  Ferry,  15  feet  west  of  river,  large  red  oak  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Mulberry  tree  stump,  west  side  of  river,  nail  in  root  of 

Surface  of  water 

Saddlers  Old  Ferry,  40  feet  west  of  river,  rock  cliff,  point  on  rock. 

Surface  of  water 

60  feet  south  of  river,  hickory  tree,  nail  in  root  of 

Surface  of  water 

Cedar  Creek,  500  feet  north  of  river,  large  black  oak  tree,  nail  in 
root  of 

Cedar  Creek,  mouth  of,  surface  of  water 

Kinleys  Ferry,  0.1  mile  southwest  of;  10  feet  west  of  river,  white 
ash  tree,  nail  in  root  of 

Surface  of  water 

Turners  Shoals,  head  of,  surface  of  water 

McMullins  Branch,  mouth  of,  surface  of  water 

50  feet  south  of  river,  small  hickory  tree,  nail  in  root  of. 

Shoals,  surface  of  water 

200  feet  west  of  river,  black  oak  tree,  nail  in  root  of . 

Surface  of  water 

25  feet  west  of  river,  black  oak  tree,  nail  in  root  of 

Surface  of  water 

Craft  Ferry,  10  feet  west  of  river,  red  oak  tree,  nail  in  root  of. .. . 

Creek,  mouth  of,  surface  of  water 

Craft  Ferry,  125  feet  west  of  boat  landing,  60  feet  west  of  river,  in 
rock,  aluminum  tablet  marked  " 450  Atlanta" 

Foot  of  Turners  Shoals,  surface  of  water 

Middleton  Shoals,  head  of,  surface  of  water 

Barnes  Island,  opposite,  125  feet  west  of  river,  small  black  oak  tree, 
nail  in  root  of 

Surface  of  water 

300  feet  west  of  river,  on  top  of  cliff,  dogwood  tree,  nail  in  root  of 


Elevation 
in  feet. 

473.  43 

471 

476. 13 

470 

472.  57 

466 

494.  435 

468.  53 

461 

460 

462.  42 

458 

466.  598 

458 

471.27 

457 

460.66 

455 

457.  68 

454 

453 

450 

456.  55 

450 

459.  62 

443 

445.  80 

440 

443.  67 

437 

449.  306 

437 

435 

443. 11 

431 

457.  46 
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Elevations  on  Savannah  River  from  Andcrsonville,  S.  C,  to  Lisbon,  Ga. — Continued. 


Distance 
in  miles. 

Elevation 
in  feet. 

69.5 

West  edge  of  river,  willow  stump,  nail  in  root  of 

428.  03 

69.8 

Middleton  Shoals,  foot  of,  surface  of  water . . 

424 

69.8 

20  feet  west  of  river,  post-oak  tree,  nail  in  root  of.. 

432. 50 

70.2 
70.2 

Powells  Ferry,  20  feet  west  of  river,  water  oak  tree,  nail  in  root  of. 
Powells  Ferry,  surface  of  water 

435.  23 
422 

70.9 

Surface  of  water 

419 

71 

Powells  Ferry,  0.8  mile  south  of,  150  feet  west  of  river,  white  ash 
stob,  nail  in  top  of 

439.  30 

71.3 

Gregg  Shoals,  head  of,  surface  of  wafer 

418.7 

72.4 

72.4 

Black  Ferry,  25  feet  west  of  river,  nail  in  root  of  birch  tree 

Black  Ferry,  surface  of  water 

421.677 
410.  3 

72.8 
73.2 

350  feet  east  of  river,  octagon  burnt  tree  stump,  nail  in  root  of . 

Creek,  mouth  of,  surface  of  water 

431.08 

409 

419.  39 
407 
406 

406 

11  1.39 

10! 

412.  26 

403 

416 

119.  146 
402 

405.49 

401 
418 
400 
399 

417.13 

398 

397 

407.  19 

397 

396 

407  39 

73.4 

73.7 

350  feet  east  of  river,  persimmon  tree  stump,  nail  in  root  of 

Branch,  mouth  of,  surface  of  water 

73.  7 

Mill,  opposite,  surface  of  water 

73.8 

Coldwater  (reek,  mouth  of,  surface  of  water 

74.3 

350  feet  east  of  river,  L40feet  southwest  of  small  branch,  persimmon 
t  ree,  nail  in  root  of 

75.8 

Aliens  Creek,  mouth  of,  surface  of  water. 

76.2 

Harper  Ferry,  20  feet    easl  <>f  river,  southside  of  road,  water  oak 
tree,  nail  in  root  of 

76.2 

Surface  of  water 

76.2 

High-water  mark 

76.4 

250  feet  southeast  of  \Y.  J.  Taylor's  house,  side  of  brook,  in  lime- 
stone rock,  bronze  tablet  marked  "120  Atlanta*' 

77 

Branch,  mouth  of,  surface  of  water 

77.3 

Ruckers  and  Tuckers  Ferry,  40  feet  southeast  of  and  5  feet  west  of 
river,  willow  tree,  nail  in  side  of 

77.3 

Surface  of  water 

77.3 

Iligh-wrater  mark 

77.6 

Surface  of  water 

78.1 

Surface  of  water 

78.4 

English  Creek,  60  feet  west  of,  50  feet  north  of  river,  white  hickory 
stump,  nail  in  root  of 

78.4 

English  Creek,  mouth  of,  surface  of  water 

78.9 
79.2 
79.2 

McCauleys  Island,  900  feet  south  of  head  of,  surface  of  water 

McCauleys  Ferry,  40  feet  west  of  river,  ash  stump,  nail  in  root  of. . 
Surface  of  water 

79.6 

Surface  of  water 

79.6 

150  feet  north  of  river,  beech  tree,  nail  in  root  of 

80.5 

Branch,  mouth  of,  surface  of  water 

395 

80.*8 

Surface  of  water 

394 
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Elevations  on  Savannah  River  from  Andersonvitte,  S.  C,  to  Lisbon,  Ga. — Continued. 


Distance 
in  miles. 


Elevation 
in  feet. 


80.8 

81 

81 

81.3 

81.6 

81.7 

81.8 

81.9 

82.6 

82.6 

83.2 

83.3 

83.  5 

83.7 

84.2 
84.2 

85.1 

85.2 

85.  2 

85.  5 
85.7 
85.9 
86 
86.2 
86.3 
86.3 
86.6 

86.  6 
87.1 

87.1 

87.5 
87.6 
88.1 
88.3 
88.6 

88.9 
89.2 


50  feet  east  of  river,  walnut  tree,  nail  in  root  of 

Moseley  Ferry,  50  feet  east  of  river,  walnut  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Large  falls,  head  of,  surface  of  water 

50  feet  east  of  river,  twin  pine  tree,  nail  in  root  of 

Cherokee  Shoals,  surface  of  water 

Surface  of  water 

125  feet  east  of  river,  oak  tree,  nail  in  root  of 

Surface  of  water 

Carter  Island,  ferry,  40  feet  west  of  river,  white  oak  tree,  nail  in 
root  of 

Surface  of  water 

Rocky  River,  mouth  of,  surface  of  water 

Surface  of  water 

Seaboard  Air  Line  bridge,  abutment,  east  side  of  bridge,  bronze 
tablet  marked  "  383  Atlanta' ' 

Watkins  Island,  lower  end  of,  15  feet  north  of  river,  oak  tree,  nail 
in  root  of 

Watkins  Island,  150  feet  southwest  of,  on  mainland,  dead  stump, 
nail  in  side  of 

Trotter's  shoals,  head  of,  surface  of  water 

Shoals,  surface  of  water 

Head  of  island,  surface  of  water 

Surface  of  water 

75  feet  west  of  river,  nail  in  stub 

Calhoun  Island,  end  of,  surface  of  water 

60  feet  southwest  of  river,  black  ash  tree,  nail  in  root  of 

Trotters  Shoals,  in,  surface  of  water 

Surface  of  water 

Cliff,  bottom  of,  on  rock,  point 

Calhoun  Ferry,  triple  cedar   tree,  75   feet  west  of  river,  nail  in 
root  of 

Surface  of  water 

Surface  of  water 

50  feet  southwest  of  river,  in  path,  pine  tree,  nail  in  root  of 

Creek,  mouth  of,  surface  of  water 

Surface  of  water 

10  feet  southeast  of  road,  Spanish  oak,  400  feet  west  of  river,  nail 
in  root  of  tree 

Surface  of  water 

Surface  of  water 


398.  77 

400 

392 

392 

391 

390 

399. 23 

388 

379 

385.  75 

374 

382.  52 
373 
372 
371 

382. 161 

375.7 

374.  59 

367 

364 

362 

358 

367.  4 

356 

365.  01 

353 

351 

354.  27 

348.  39 

340 

336 

341.32 

329.  7 

328 

338.61 

325 

322 
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Elevations  on  Savannah  River  from  Andersonville,  S.  C,  to  Lisbon,  Ga. — Continued. 


Distance 
in  miles. 


89.2 


89.7 


89.4 

89.7 

90.1 

90.2 

90.  3 

90.  3 

90.4 

91.3 

91.3 

91.8 

92.3 

92.8 

92.8 

92.8 

93.7 

93.  9 

94.2 

96.1 

96.  1 

96.2 

96.4 

200  feet  west  of  river,  on  top  of  steep  hill,  in  footpath,  hickory  tree, 
nail  in  root  of 

Calhoun  Ferry,  2.5  miles  southeast  of,  50  feet  west  of  river,  in  large 
bronze  tablet  marked  "  320  Atlanta  " 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

10  feet  west  of  river,  300  feet  north  of  old  mill,  water  oak,  nail  in 
root  of 

Surface  of  water 

Surface  of  water 

Branch,  mouth  of,  surface  of  water 

10  feel  west  of  river,  dead  birch  tree,  nail  in  root  of 

Surface  of  water 

('reek,  surface  of  water 

Clarka  Ferry,  200  feel  west  of  river,  water  oak,  copper  tack  in  root  . 

Surface  of  water 

High-water  mark 

Creek,  1 .500  feel  below,  surface  of  water 

50  Feet  west  of  river,  gum  tree,  copper  tack  in  side  of 

Surface  of  water 

Petersburg  Ferry,  east  side  of  road,  dead  black  gum,  nail  in  root  of. 

Broad  River,  mouth  of,  surface  of  water 

South  side  of  ferry  road,  water  oak,  nail  in  root  of 

Lisbon,  in  brick  wall  of  R.  L.  Cade's  store,  bronze  tablet  marked 
"328  Atlanta" 


Elevation 
in  feet. 


360.  67 

319.  252 

318 

313 

308 
304 

305.  90 

301 

299 

292 

300. 21 

291 

289 

309.13 

287 

307 

285 

299.06 

284 

293.  II 

281 

295.  77 

327.  So 


CHATTOOGA   RIVER  BELOW  RUSSELL,  S.  C. 

Between  July  19  and  August  10,  1903,  Chattooga  River  was  sur- 
veyed from  its  mouth,  near  Tallulah  Falls,  Georgia,  to  Russell  Bridge, 
near  Russell,  S.  C,  a  distance  of  30  miles.  In  that  distance  there 
is  a  fall  of  809  feet.  A  line  of  secondary  levels  was  run,  based  on 
a  primary  bench  mark  of  the  United  States  Geological  Survey  3  miles 
below  Tallulah  Falls.  The  field  sheets  were  plotted  on  the  scale  of 
1:22,500,  and  during  the  course  of  the  survey  23  bench  marks  were 
established  and  97  water-surface  elevations  were  noted. 

Chattooga  River  contains  many  available  undeveloped  power  sites. 
From  its  mouth  to  War  Woman  Creek,  a  distance  of  22  miles,  the 
river  runs  through  a  wild,  rugged  country,  almost  uninhabited.     It 
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flows  in  a  gorge  almost  the  entire  distance  and  is  very  narrow  and 
swift.  There  are  numerous  dam  sites  in  this  section,  as  the  river  is 
almost  one  continuous  shoal  and  has  an  average  fall  of  33  feet  to  the 
mile,  with  a  tine  rock  bottom  and  cliffs  on  either  side.  The  rock  is 
excellent  for  building  purposes. 


u 

v. 

J. 

t-             / 

5 

M         / 

Z         I 

\  Junction  with  Tallul 

1,750 


1,500 


1,250 


1,000 


Mil* 


T.l) 


Fig.  4. 


20  15  10  5  0 

-Profile  of  Chattooga  River  below  Russell,  S.  C 


From  War  Woman  Creek  to  Lone  Bottom  Ford,  a  distance  of  5  miles, 
the  bottoms  widen  considerably,  and  there  are  a  few  cultivated  farms. 
Halfway,  at  Laurel  Branch,  there  is  an  excellent  site  for  a  12-foot 
dam,  which  would  back  water  one-half  mile  without  damage  to  culti- 
vated lands.  Here  there  is  a  good  rock  bottom  and  rocky  bluffs  on 
each  side.     From  a  half  mile  above  Laurel  Branch  to  Russell  Bridge, 
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the  end  of  the  survey,  the  bottoms  are  considerably  wider  and  mostly 
cultivated. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  marked  "  1050  M  C"  at  Washington  street  entrance  to  the 
State  capitol  at  Atlanta,  the  elevation  of  which  is  now  accepted  as 
1,049.546  feet  above  mean  sea  level.  The  initial  point  upon  which 
these  levels  depend  is  a  bench  mark  of  primary  levels  of  Tugaloo 
and  Savannah  River  surveys  at  the  mouth  of  Chattooga  River.  The 
elevations  accord  with  the  1903  adjustment.    • 

The  leveling  was  done  under  the  direction  of  Carroll  Caldwell,  field 
assistant,  by  Thomas  B.  O'Hagan,  levelman. 

Elevations  on  Chattooga  River  jrom  its  mouth  to  Russell  Bridge,  Ga.,  0.7  mile  north  of 

Russell,  S.  C. 


Distance 
in  miles. 

Elevation 
in  feet. 

0.0 

Tallulah  and  Chattooga  rivers,  100  feet  north  of 
on  rock 

junction,  point 

761.  29 

.0 
.0 

Tallulah  and  Chattooga  rivers,  white  oak  tree  75  feet  west  of  junc- 
tion of,  25  feet  north  of  Tallulah  River,  nail  in  root  of  oak  tree 

Surface  of  water 

762.  21 
754 

.2 

Surface  of  water 

759 

.7 

Mouth  of  stream,  surface  of  water 

763 

1 

765 

1.2 

Surface  of  water 

766 

1.9 

1.9 

Small  stream  on  north  edge  of  river,  Spanish  oak,  nail  in  root  of 

Surface  of  water 

776.  27 

772 

2.1 

Surface  of  water 

775 

2.6 

North  side  of  river,  point  on  rock 

788.  63 

3 

Surface  of  water 

779 

4 

East  side  of  river,  point  on  rock 

851.  51 

4 

Surface  of  water 

849 

4.1 

Surface  of  water _" 

869 

4.5 

Creek,  mouth  of,  surface  of  water 

892 

4.7 

Surface  of  water 

899 

4.9 

East  side  of  river,  point  on  rock 

918.  27 

4.9 

Surface  of  water 

919 

5 

Surface  of  water 

929 

5.1 

Surface  of  water 

939 

5.2 

Surface  of  water 

949 

5.3 

Mouth  of  stream,  head  of  shoals,  surface  of  water 

954 

5.6 

Camp  Creek,  mouth  of,  surface  of  water 

961 

5.6 

Trail  Ford,  point  on  rock  20  feet  east  of  river 

967.  50 

5.6 

Trail  Ford,  surface  of  water 

962 

5.8 

Surface  of  water 

969 
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Elevations  on  Chattooga  River  from  its  mouth  to  Russell  Bridge,  Ga.,  0.7  mile  north  0} 
Russell,  S.  C. — Continued. 


Distance 
in  miles. 


6.1 

6.3 

6.7 

7 

7.2 

7.4 

7.4 

7.5 

7.6 

7.8 

8 

8.2 

8.4 

8.5 

8.6 

9 

9.5 

9.8 

10 

10 

10 

10 

10 

10.5 

10.6 

10.6 

10.8 

11 

11.4 

11.7 

12 

12.  5 

12.7 

12.9 

13 

13.2 

13.6 

13.8 

14 

14 


Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water J 

Surface  of  water 

Cliff  Creek,  mouth  of,  surface  of  water 

Cliff  Creek,  500  feet  above,  east  side  river,  point  on  rock 

Surface  of  water 

Chechero  Creek,  mouth  of,  surface  of  water 

Surface  of  water _ 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

East  side  of  river  on  edge  of  bank,  point  on  rock 

Surface  of  water 

Iron  bridge,  South  Carolina  side,  iron  bar  under  bridge,  point  on. 

Iron  bridge,  surface  of  water 

High  water 

Surface  of  water 

Mouth  of  creek,  surface  of  water 

Head  of  falls,  surface  of  water 

Mouth  of  stream,  surface  of  water 

Surface  of  water 

Surface  of  water 

Mouth  of  stream,  surface  of  water 

Surface  of  water 


Elevation 
in  feet. 


50  feet  south  of  island,  east  side  of  river,  10  feet  from  bank,  point  on 
rock 


Surface  of  water 

Surface  of  water .  T 

Surface  of  water 

Stream,  mouth  of,  surface  of  water 

Surface  of  water 

South  Carolina  side  of  river,  at  large  cliff,  point  on  rock. 

Surface  of  water 

Mouth  of  Fall  Creek,  surface  of  water 


979 

989 

999 

000 

029 

035 

045.  26 

039 

049 

059 

069 

079 

089 

099 

109 

119 

129 

149 

152.  43 

159 

168.  95 

166.  3 

177 

169 

173 

179 

183 

189 

199 

204 

209 

217.  86 

219 

223 

229 

232 

239 

245.  53 

249 

262 
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Elevations  on  Chattooga  River  from  its  movth  to  Russell  Bridge,  Ga.,  0.7  mile  north  of 
Russell,  S.  C. — Continued. 


Distance 
in  miles. 


14.5 

14.7 

15 

15.7 

16 

16.6 

L6.8 

16.9 

17 

17.4 

17.8 

18 

18.7 

IS.  7 

18.  9 

19.  1 
19.2 
19 
19.7 
L9.8 
20 
20 

20.2 

20.6 

20.7 

20.8 

21 

21.2 

22 

22.1 

22.3 

22.7 

23 

23 

23 

23.8 

23.8 

24.8 

25.2 

25.2 


Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Rich  Creek,  mouth,  surface  of  water 

Surface  of  water 

South  Carolina  side  of  river,  point  on  rock 

Surface  of  water 

Surf  are  of  water 

Sandy  Bottom,  1 ,000  feet  below,  east  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water ' 

Mast  side  of  river,  point  on  rock 

Surface  of  water 

300  feet  below  falls,  at  bend  in  river,  point  on  rock 

Fool  of  falls,  surface  of  water 

Head  of  falls,  surface  of  water 

Surface  of  water 

Rock  Creek,  mouth  of,  surface  of  water 

Sandy  Ford,  surface  of  water 

Sandy  Ford,  75  feet  north  of,  15  feel  cast  of  river,  nail  in  root  of 
white  oak  tree 

Surface  of  water 

Surface  of  water 

Dick  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

East  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water — 

Surface  of  water 

4  feet  east  of  river,  nail  in  root  of  large  pine  tree 

Surface  of  water 

Earl  Ford,  100  feet  below  ford,  east  side  of  river, point  on  rock 

Surface  of  water 

War  Woman  Creek,  mouth  of,  surface  of  water 

South  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water 

West  side  of  river,  point  on  rock 

Surface  of  water 
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Elevations  on  Chattooga  River  from  its  mouth  to  Russell  Bridge,  Ga.,  0.7  mile  north  of 
Russell,  S.  C. — Continued. 


Distance 
in  miles. 


Elevation 
in  feet. 


26 

26.3 

26.4 

26.4 

26.8 

27.1 

27.9 

28 

28.7 

29.7 

30.  6 

30.6 

30.6 


Horseback  Ford,  surface  of  water 

Surface  of  water 

Ford,  65  feet  above,  north  side  of  river,  nail  in  live  stub  (white  oak 
tree ) 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Barlow  Stream,  center  of  river,  point  on  rock 

Surface  of  water 

Long  Bottom  Ford,  east  side,  nail  in  fork  of  sugar  maple  tree 

Small  stream,  mouth  of  river  at,  surface  of  water 

West  Fork,  mouth  of,  surface  of  water 

Wooden  bridge,  above    Russell,  S.  C,  southwest   side  of  bridge, 
point  on  bolt 

Bridge,  surface  of  water 


1,518 
1,519 

1,522.66 

1,521 

1,529 

1,539 

1,547.26 

1,549 

1 ,  557.  68 

1,554 

1,563 

1,584.84 
1 ,  564 


BROAD  RIVER  BELOW  CARNESVILLE,  GA. 

Between  June  9  and  July  16,  1903,  Broad  River  was  surveyed 
from  its  mouth,  near  Lisbon,  Ga.,  to  Harrison  Bridge,  near  Carnes- 
ville,  Ga.,  a  distance  of  64^  miles.  In  that  distance  there  is  a  fall 
of  316  feet.  The  field  sheets  were  plotted  on  the  scale  of  1:22,500, 
and  the  survey  was  accompanied  with  a  line  of  secondary  levels 
based  on  the  primary  bench  mark  of  the  United  States  Geological 
Survey  at  Lisbon,  Ga.  During  the  course  of  the  survey  54  bench 
marks  were  established  and  109  water  elevations  determined. 

The  flow  is  very  gradual  from  the  mouth  to  Milford  Shoals,  a  dis- 
tance of  2  miles.  These  shoals  have  a  fall  of  8  feet  in  a  distance 
of  one-third  of  a  mile,  and  are  about  500  feet  wide.  The  river  bot- 
toms are  wide  up  to  the  foot  of  Anthony  Shoals,  5\  miles  from  the 
mouth  of  the  river.  Here  is  the  finest  power  site  on  the  river,  there 
being  a  fall  of  58  feet  in  If  miles,  with  rock  bottom  and  rock  bluffs 
on  each  side.  A  dam  at  this  point  would  have  to  be  1,000  feet 
long.  The  rock  is  granite  and  would  furnish  excellent  material  for 
building  purposes.  At  the  end  of  these  shoals,  on  the  Elbert  County 
side,  are  the  remains  of  a  wing  dam  which  furnished  power  for  a 
cotton  mill  now  in  ruins. 

From  here  to  Fishdam  Shoals,  9^  miles,  the  river  has  a  fall  of 
9  feet,  with  wide,  cultivated  bottoms  on  either  side  for  most  of  the 
distance.  At  Fishdam  there  is  a  3-foot  dam  about  250  feet  long 
which  furnishes  power  for  a  grist  and  saw  mill. 
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From  Fishdam  to  the  mouth  of  South  Broad  River,  15^  miles, 
there  is  a  fall  of  23  feet  with  no  shoal  of  any  consequence.  The 
bottoms  are  wide  in  most  places  and  are  in  a  high  state  of  cultiva- 
tion. 

One  mile  above  South  Broad  River  are  the  Detwiler  Shoals,  with 
a  fall  of  7  feet  in  half  a  mile.  A  dam  at  this  point  would  be  about 
300  feet  long.  A  mile  and  a  half  farther  are  the  lower  Moore  Shoals, 
with  a  fall  of  6  feet  in  a  quarter  of  a  mile,  and  good  outcrop  of  hard 
rock  on  both  sides.     A  dam  here  would  be  about  350  feet  long. 

Five  miles  farther  up  are  the  Payton  Shoals,  with  a  fall  of  4  feet 
in  a  quarter  of  a  mile.  Here  the  steep  banks  show  granite  on  the 
southeast  side. 

Two  and  one-half  miles  upstream  are  the  Cowpen  Shoals,  with  a 
fall  of  8  feet.  This  is  an  excellent  site  for  a  dam,  having  rock  bot- 
tom and  sides.     Two  miles  upstream  are  Moore  Shoals,  with  a  fall 
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Fig.  5.— Profile  of  Broad  River  below  Carnpsvillp,  Ga. 
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of  19  feet  in  three-fourths  of  a  mile.  The  river  here  is  about  400 
feet  wide,  with  solid  rock  bluffs  on  either  side. 

One-half  mile  beyond  are  Brown  Shoals,  with  a  10-foot  fall  in  one- 
third  of  a  mile.  A  dam  here  would  be  about  400  feet  long  and  would 
have  an  excellent  foundation.  One  and  three-fourths  miles  upstream 
are  the  Bryant  Shoals,  with  a  fall  of  20  feet  in  \\  miles.  This  is  an 
excellent  site  for  a  dam,  having  good  bottoms  and  rock  sides. 

For  12  miles  upstream  to  Double  Bridge  the  shoals  are  small  and 
do  not  seem  important.  From  Double  Bridge  to  Harrison  Bridge, 
at  which  point  the  survey  ended,  a  distance  of  6  miles,  the  river  is 
very  narrow  and  shoaly,  but  the  volume  of  water  is  small. 

The  elevations  in  the  following  list  are  based  on  a  bronze  tablet 
in  a  brick  wall  of  R.  L.  Cade's  store  at  Lisbon,  Ga.,  marked  "Atlanta 
328,"  the  elevation  of  which  is  accepted  as  327.850  feet  above  mean 
sea  level.  They  accord  with  the  1903  adjustment  of  the  precise- 
level  net. 

The  leveling  was  done  under  the  direction  of  Carroll  Caldwell, 
field  assistant,  by  T.  B.  O'Hagan,  levelman0 
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Elevations  on  Broad  River  from  mouth  to  Harrison  Bridge,  3  miles  southwest  of  Carnesville. 


Distance 
in  miles. 


0.0 

.0 
.0 
.6 
1.4 
2.1 
2.4 
2.4 

2.7 
3.4 
4.7 
5 

5.2 
5.2 
5.2 
5.4 
5.6 
5.8 
6 
6 

6.4 
6.5 
6.5 
6.5 
7.1 
8.7 
8.7 
10 

10.9 
11 
11 

11.8 
13.8 
13.8 
13.8 
13.8 
15 

15.4 
15.6 


Lisbon,  mouth  of  Broad  River,  870  feet  northwest  of,  south  side  of 
ferry  road,  nail  in  twin  water  oak 

Broad  River,  mouth  of,  surface  of  water 

Broad  River,  870  feet  northwest  of  mouth,  high-water  bench  mark 

Small  stream,  near,  surface  of  water 

Mill  Ford  Shoals,  foot  of,  surface  of  waters, 

Mill  Ford  Shoals,  middle  of,  surface  of  water 

Mill  Ford  Shoals,  head  of,  surface  of  water 

Mill  Ford  Shoals,  200  feet  east  of  river,  near  5-inch  elm  tree,  nail  in 
live  stob 

Center  of  bend,  surface  of  water 

Dubose  Ferry,  300  feet  above,  surface  of  water 

Anthony  Shoals,  foot  of,  surface  of  water 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  at  large  bend  in  river,  surface  of  water 

Anthony  Shoals,  at  rock  cliff,  surface  of  water 

Anthony  Shoals,  at  rock  cliff,  point  on  rock,  1  foot  west  of  river 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  in  front  of  old  factory,  surface  of  water 

Anthony  Shoals,  at  old  dam,  east  edge  of  river,  nail  in  root  of  birch  tree 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  head  of,  surface  of  water 

Burton  Ferry,  6  feet  south  of  river,  nail  in  root  of  Spanish  oak  tree 

Surface  of  water 

Burton  Ferry,  high  water 

Surface  of  water 

Mouth  of  creek,  surface  of  water 

60  feet  south  of  river,  25  feet  east  of  creek,  nail  in  sweet  gum  tree 

Surface  of  water 

Bakers  Ferry,  small  shoals,  surface  of  water 

Bakers  Ferry,  20  feet  southwest  of  river,  nail  in  root  of  large  birch  tree 

Bakers  Ferry,  surface  of  water 

Wahache  Creek,  mouth  of,  surface  of  water 

Bells  Bridge,  north  side,  nail  in  joist 

Bells  Bridge,  surface  of  water 

Bells  Bridge,  high  water 

Bells  Bridge,  floor  of 

Bells  Bridge,  250  feet  north  of  river,  large  pine  tree  near  path  to  river, 
nail  in  tree 

Mouth  of  small  stream,  surface  of  water 

Falling  Creek,  mouth  of,  surface  of  water 


Elevation 
in  feet. 


295.  77 

280 
300 

281 
281 
288 
289 

304.9 

291 

292 

293 

295 

307 

310 

311.57 

319 

329 

339 

347.  77 

351 

355 

361.  44 

355 

364 

355 

356 

367.  59 

356 

356 

364 

357 

360 

373.  69 

360 

386 

393.2 

375.  34 

361 

362 
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Elevations  on  Broad  River  from  mouth  to  Harrison  Bridge,  3  miles  southwest  of  Carnes- 

ville — Con  tinued . 


Distance 
in  miles. 


Elevation 
in  feet. 


16 

16.4 

16.4 

16.4 

16.4 

16.4 

17.7 

18.9 

18.9 

20 

20 

21.3 

22.1 
22.5 

23.1 

23.1 

23.1 

23.1 

24.8 

24.8 

25.2 

25.2 

25.2 

25.5 

26 

26.7 

26.7 

28 
28.  5 

28.5 

28.6 

28.6 

30 

30.9 

31 

31.3 

31.  3 


Foot  of  shoals,  surface  of  water 

Fishdam,  foot  of,  surface  of  water 

Fishdam,  head  of,  surface  of  water 

Fishdam  Ferry,  north  side  river,  nail  in  root  of  large  water  oak  tree. . 

Fishdam  Ferry,  surface  of  water 

Fishdam  Ferry,  south  side  of,  nail  in  root  of  gum  tree 

Surface  of  water 

North  of  river,  point  on  rock 

Surface  of  water 

Grimes  old  ferry,  edge  of  river,  nail  in  root  of  white  oak  tree 

Grimes  old  ferrj ,  surface  of  water 

500  feel   south  of  river,  river  road,  25  feet   south  of,  nail   in  root  of 
Spanish  oak 

Mout  h  of  large  creek,  surface  of  water 

Pinegrove,  400feet  north  of  river,  900  feet  west  of  large  creek,  nail  in 
roof  of  pine  tree 

Mattox  Bridge,  north  side,  nail  in  plank 

Mattox  Bridge,  surface  of  water 

Bridge  floor 

High  water.. 

Rock  cliff,  near,  10  feet  south  of  river,  nail  in  root  of  gum  tree 

Surface  of  water 

Jones  Ferry,  easl  side,  nail  in  root  of  water  oak  tree. 

Jones  Ferry,  surface  of  water 

High-water  mark. 

Jones  Ferry,  0.3  mile  above,  10  feet  west  of  river,  nail  in  white  oak  tree 

Surface  of  water 

Millstone  Creek,  mouth  of.  60  feet  east  of,  25  feet  south  of  river,  nail  in 
side  of  box  elder 

Millstone  Creek,  mouth  of,  surface  of  water 

Gold  Mine  Cliff,  surface  of  water 

Horseshoe  Bend,  head  of,  150  feet  south  of  river,  in  cornfield,  nail  in 
Spanish  oak 

Dove  Creek,  mouth  of,  surface  of  water 

Bend  in  river,  surface  of  water 

Surface  of  water 

260  feet  north  of  river,  nail  in  root  of  pine  tree 

Surface  of  water 

Martins  old  ferry,  near  spring,  point  on  rock 

Junction  South  Fork  and  Broad  Kiver,-southeast  point  of  rivers,  nail 
in  side  of  birch  tree 

Surface  of  water 


363 
365 
368 

374.  35 
368 

374.  87 
368 
386.  66 
370 

375.  51 
371 

388.  89 
372.  8 


398.  51 

101.35 

374 

101 

400 

397.  88 

377 

393.  13 

377 

Mil 

394.  38 

380 

392.  04 

381 

384 

405.  67 

386 

396.4 

386 

411.3 

391 

420.  14 

395.  86 

391 
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Elevations  on  Broad  River  from  mouth  to  Harrison  Bridge,  3  miles  southwest  of  Carnes- 

ville — Continued. 


Distance 
in  miles. 


Elevation 
in  feet. 


32.4 

32.9 

32.9 

32.9 

33.4 

33.4 

34 

34.4 

34.4 

34.4 

,34.7 

34.7 
34.7 
35.9 

35.9 

35.  9 

36.8 

37.5 

37.5 

37.8 

37.9 

38.6 

39 

39 

39.  1 

39.1 
39.1 
39.1 
39.4 
39.8 
39.8 
39.8 
40.4 
40.4 
40.5 
41.  1 

41.  1 


Detwiler  Ferry,  foot  of  shoals,  surface  of  water 

Detwiler  Ferry,  east  side,  edge  of  water,  slanting  Spanish  oak,  nail  in.  . 

Detwiler  Ferry,  head  of  shoals,  surface  of  water 

Detwiler  Ferry,  high  water 

Seaboard  Air  Line  bridge,  abutment,  east  side  of  river,  350  feet  from. 

Seaboard  Air  Line  bridge,  surface  of  water 

Moore  Shoals,  surface  of  water 

Old  mill,  25  feet  east  of  river,  point  on  rock 

Old  mill,  mouth  of  stream,  surface  of  water 

Moore  Shoals,  head  of,  surface  of  water 

Bells  Ferry,  edge  of  river,  2  feet  from  road,  overhanging  Spanish  oak, 
nail  in 

Bells  Ferry,  surface  of  water 

Bells  Ferry,  high  water 

Harpers  Ferry,  north  side  of  river,  east  side  ferry,  nail  in  root  of  black 
gum  tree 

Harpers  Ferry,  surface  of  water 

Harpers  Ferry,  high  water 

Holly  Branch,  mouth  of,  surface  of  water 

Moon  Ferry,  east  of  ferry,  nail  in  side  of  white  oak  tree 

Moon  Ferry,  surface  of  water 

Surfaee  of  water 

Mouth  of  creek,  surface  of  water 

Payton  Shoals,  foot  of,  surface  of  water 

Payton  Shoals,  east  side  of  river,  nail  in  sycamore  tree 

Payton  Shoals,  head  of  shoals,  surface  of  water 

South  Payton  Ferry,  25  feet  from  river,  east  side  of  ferry,  nail  in  side 
of  dead  willow  tree 

Payton  Ferry,  high  water 

Payton  Ferry,  surface  of  water 

Payton  Ferry,  high  water 

Payton  No.  2,  head  of  shoals,  surface  of  water 

Victory  Ferry,  overhanging  birch  tree,  nail  in  side  of 

Victory  Ferry,  surface  of  water 

High  water 

Moon  Ferry,  nail  in  root  of  white  oak  tree 

Moon  Ferry,  foot  of  shoals,  surface  of  water 

Moons  Shoals,  head  of,  surface  of  water 

Bend  in  river,  1,500  feet  east  of  Mill  Creek,  east  side  river,  point  on 
rock 

Surface  of  water , , , , 


395 

406.  07 

402.1 

423.6 

420.28 

402 

404 

416.  23 

409 

411 

418.87 

412.3 

430 

422.  54 
414 
432 
416 

423.  19 
418 
419 
420 
422 

428.  57 
425 

431.35 

449 

427 

449 

429 

432.  17 

430 

450 

442.62 

431 

433 

443.  14 
438 
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Elevations  on  Broad  River  from  mouth  to  Harrison  Bridge,  3  miles  southwest  of  Carnes- 

ville — Continued. 


Distance 
in  miles. 

Elevation 
in  feet. 

41.4 

Mill  Shoal  Creek,  mouth  of,  surface  of  water 

439 

41.4 

Surface  of  water 

441 

42.2 

Head  of  shoals,  surface  of  water 

4,50 

42.7 

Moore  Ferry ,  west  side  of,  large  spruce  oak  tree,  nail 

455. 77 

42.7 

Moore  Ferry,  surface  of  water. 

450 

42.7 

High  water 

400 

43.0 

Moore  Shoal,  at  spring,  foot  of  shoals,  surface  of  water  . . 

454 

43.3 

Shoals,  surface  of  water 

462 

43.3 

Moore  Shoals,  near  head  of,  point  on  rock 

170 

13.  8 

Browns  Ferry,  burnt  stump  northeast  of  river,  nail  in 

482. 09] 

13.  8 

Browns  Ferry,  near  head  of  Moors  shoals,  surface  of  water 

171 

14.2 

Moore  Shoals,  head  of,  surface  of  water 

182 

44.6 

II.  n 

Dudleys  Shoals,  east  hank  of  river,  point  on  rock 

Surface  of  water. 

489.  28 

482 

45.5 
45.5 
45.5 

Dudley  Ferry,  black  guru  tree  north  side  of  ferry,  nail  in  root 

1  >udley  Ferry,  surface  of  water 

1  [igh-water  mark 

502 

487 
501 

45.0 

Bryant  Shoals,  foot  of,  surface  of  water 

489 

40.2 

Bryant  Shoals,  head  of,  surface  of  water 

496 

40.  5 
16.5 

Sawmill,  Spanish  oak  tree,  50  feet  from  river,  nail  in  root  of 

Surface  of  water 

50(1.  05 
502 

40.5 

I  lead  of  shoals,  surface  of  water 

500 

47.7 

Bluestone  Creek,  north  side  river,  1.2  miles  below  Bluestone  Creek, 
point  on  rock 

5 IS.  38 

47.7 

Surface  of  water 

512 

48.9 

Mouth  of  Bluestone  Creek,  surface  of  water 

017 

49.6 

Surface  of  water- 

521 

50.4 
50.4 

New  Lattice  Bridge,  cast  side  of  river,  nail  in  floor  of 

Bridge  floor 

540.  44 
548.8 

50.4 

Bridge ,  surface  of  water 

523 

50.4 

1  [ieh-water  mark 

548.  1 

51.2 

Month  of  stream,  foot  of  shoals,  surface  of  water 

523.7 

51.0 

I  had  of  shoals,  surface  of  water 

520 

52.3 

Winters  Creek,  just  below  bend  in  river,  surface  of  water,  temporary 
bench  mark 

545 

52.4 

Winters  Creek,  mouth  of,  head  of  shoals,  surface  of  water. 

529 

53.2 

Surface  of  water 

532 

53.9 

Mouth  of  stream,  surface  of  water 

535 

54.7 

Bragg  Ferry,  2  feet  from  river,  nail  in  root  large  red  oak  tree 

541.75 

54.7 

Bragg  Ferry,  mouth  of  Hudson  River,  surface  of  water. . 

537 

54.7 

High-water  mark 

507 

HAI 
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Elevations  on  Broad  River  from  mouth  to  Harrison  Bridge,  3  miles  southwest  of  Carnes- 

ville — Continued. 


Distance 
in  miles. 


55.2 
55.7 
55.7 
55.7 
57.2 
57.3 
57.6 
57.7 
57.7 
58.1 
58.8 

58.8 
59.1 
59.1 
59.1 
59.1 
59.7 
59.  9 
60.0 

00.9 
00.9 
01.5 
61.5 
62.1 
62.2 
62.3 
62.8 
63.2 
63.4 
63.4 
63.4 
64.6 
64.6 
64.6 
64.6 


Surface  of  water 

Dove  Bridge,  southeast  corner  of,  nail  in  side  of  white  oak  tree 

Dove  Bridge,  surface  of  water 

High  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Surface  of  water 

Creek,  60  feet  southeast  of  mouth  of,  nail  in  white  oak 

Creek,  mouth  of,  surface  of  water 

Mouth  of  stream,  surface  of  water 

Middle  Broad  and  Broad  rivers,  forks  of,  walnut  tree  75  feet  west  of 
fork,  nail  in  side 

Surface  of  water 

Double  Bridge,  northwest  side  of,  nail  in  plank 

Surface  of  water 

High-water  mark 

Bridge  floor 

Head  of  shoals,  surface  of  water 

Surface  of  water 

Corey  Creek,  0.0  mile  below,  large  rock  projecting  out  from  bank 
point  on 

Small  shoals  in  river,  surface  of  water 

Corey  Creek,  mouth  of,  surface  of  water 

Bend,  on  east  side  river,  point  on  rock 

Surface  of  water 

Fish  dam,  surface  of  water 

Surface  of  water 

Bend  in  river,  east  side,  point  on  rock  cliff 

Philip  Shoals,  head  of,  surface  of  water 

Stephens  Creek,  mouth  of,  surface  of  water 

Ford,  oak  tree  75  feet  north  of,  nail  in  north  side  of 

Surface  of  water 

Surface  of  water 

Harrison  Bridge,  east  of,  north  of  river,  nail  in  root  of  Spanish  oak  tree. . 

Surface  of  water 

Bridge  floor 

High-water  mark 


Elevation 
in  feet. 


541 

501.  78 

542 

509 

548 

552 

554 

563.  30 

556 

556 

575.  16 

557 

581. 11 

563 

576 

584 

570 

573 

581.02 

580 

581. 

591. 15 

584 

580 

588 

598.  59 

591 

592 

003.  49 

593 

594 

007.  07 

590 

013.7 

012 
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SOUTH    AND     OCMULGEE     RIVERS,   FROM     CONSTITUTION     TO 

MACON,   GA. 


South  and  Ocmulgee  rivers  were  surveyed  from  Constitution  to 
Macon,  Ga.  For  the  first  28  miles  the  topography  was  plotted  on 
the  scale  of  1:45,000,  but  subseouently  on  the  standard  scale  of 
1 :  22,500.  The  levels  are  secondai  levels  based  on  the  United  States 
Geological  Survey  permanent  bench  mark  at  Constitution,  Ga. 
Eighty-six  bench  marks  were  established  and  200  water-surface 
elevations  were  recorded. 

South  River  rises  in  the  city  of  Atlanta  and  flows  in  a  south- 
easterly direction  for  56^  miles  and  then  joins  Yellow  River  to  form 
the  Ocmulgee.  For  11  or  12  miles  below  Constitution,  the  begin- 
ning  of  the  survey,  the  river  is  narrow,  being  about  15  feet  wide  at 
places.  All  along  the  north  side  of  the  river  in  this  stretch  are 
extensive  beds  of  clay,  which  at  certain  points  are  being  used  for 
brickmaking. 

Flakes'  mill,  11  miles  from  Constitution,  is  the  first  power  now 
utilized  on  the  river.  At  this  point  the  dam  is  6  feet  high.  Below  . 
for  6  miles  the  river  remains  shoaly  and  narrow  until  Flat  Shoal 
is  reached,  where  there  is  a  fall  of  12  feet  with  a  small  gristmill 
using  a  little  of  the  power.  Near  here  the  river  is  very  crooked 
and  incloses  in  its  large  loops  flat,  sandy  stretches  of  country,  which 
are  very  fertile.  Near  Flat  Shoal  is  Littlestone  Mountain,  with 
valuable  granite  quarries. 

At  Albert  Shoals,  7  miles  farther  down,  there  is  a  fall  of  10  feet 
in  half  a  mile.  The  river  is  here  about  125  feet  wide  and  the  vol- 
ume is  much  increased  by  a  number  of  tributary  streams.  The 
banks  are  sloping,  with  no  rock  visible.  The  power  site  has  recently 
been  purchased  by  a  company  which  proposes  to  develop  it. 

At  Simm's  mill,  3  miles  below,  is  a  small  2-foot  dam.  From  hereH 
to  Peachstone  Shoals,  a  distance  of  11  miles,  there  is  a  fall  oa^ 
32  feet,  the  river  winding  through  good  bottom  lands.  Camp  and 
Honey  creeks  enter  the  river  in  this  stretch  and  add  a  large  amount 
of  water.  At  Peachstone  Shoals  is  a  2-foot  dam  which  backs  the: 
water  for  one-half  mile,  and  with  a  canal  about  400  feet  long 
develops  a  head  of  about  9  feet,  the  power  from  which  drives  sev- 
eral turbines  operating  a  grist  and  a  saw  mill.  Soft  rock  is  visible 
on  the  west  bank,  while  the  east  bank  is  a  flat  sand  bar. 

About  8  miles  below  are  the  Snapping  Shoals,  where  there  is  a 
fall  of  20  feet  in  a  distance  of  300  yards.  Near  the  lower  end  of  the 
rapids  several  small  islands  divide  the  channel  into  several  parts. 
Solid  rock  is  close  to  the  surface  on  both  sides  of  the  river.  A  por- 
tion of  the  power  at  this  point  is  used  in  operating  a  large  roller 
flour  mill  and  sawmill.     Mr.  DeLoach,  the    owner,  is    taking  step 
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to  develop  all  the  power  and  intends  erecting  a  large  cotton  factory 
at  this  point. 

Three  miles  below  here  is  Island  Shoal,  with  a  fall  of  10  feet  in 
250  yards.  Here  there  is  a  flour  mill  and  a  furniture  factory,  both 
operated  by  a  3-foot  dam  with  a  canal  1,200  feet  long.  The  head 
could  be  increased  by  adding  5  feet  more  to  this  dam  without  mate- 
rially damaging  any  property  above.  This  site  is  an  excellent  loca- 
tion for  power  development,  as  the  banks  are  high  and  solid  and 
the  length  of  the  dam  would 
probably  not  exceed  250 
feet. 

Eight  miles  farther  down 
is  the  Barnes  Shoal,  at  the 
mouth  of  Yellow  River.  A 
dam  here  would  be  about 
700  feet  long.  There  are 
excellent  foundations  and 
about  a  9-foot  fall. 

Farther  down  the  stream 
are  Keys  Shoals,  with  a 
3-foot  fall  and  several  mi- 
nor riffles  to  Lloyds  Shoals, 
which  has  a  fall  of  43  feet 
in  about  2\  miles,  at  the 
lower  end  of  which  there 
is  a  good  dam  site.  The 
river  at  this  point  is  only 
about  350  feet  wide,  with 
solid  rocky  banks  rising  50 
feet  on  either  side.  A  45- 
foot  dam  at  this  point 
would  do  a  trifling  amount 
of  damage  to  property 
above. 

Ten  miles  downstream 
is  Smith  Shoal,  with  a  fall 
of  12  feet,  where  a  2-foot 

dam  and  a  long  canal  at  present  run  Smith's  gristmill.  At  Lamars 
Shoals,  2  miles  below,  there  is  a  fall  of  19  feet  in  1  mile  with  a 
5-foot  dam  and  a  canal  running  a  flour  mill.  The  river  is  here  about 
1,000  feet  wide,  with  high,  rocky  banks,  and  has  a  number  of  small 
islands  and  large  rocks  scattered  all  through  it.  Twelve  miles  far- 
ther down,  at  Juliette,  Ga.,  is  an  important  shoal  which  has  been 
developed  by  Doctor  Glover.  There  is  a  15-foot  fall  in  one-half 
mile,  which  has  been  developed  by  an  8-foot  dam  with  a  short  canal, 
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and  runs  the  Glover  cotton  mills  and  the  Juliette  Milling  Company's 
plant. 

Twelve  miles  below  are  Dames  Shoals,  with  an  8-foot  fall  in  600 
feet.  A  6-foot  dam  at  this  point  supplies  Carstarphens  gristmill, 
which  is  a  large  wholesale  plant.  The  bed  of  the  river  here  is  solid 
rock,  but  a  higher  dam  would  flood  valuable  bottom  lands  above. 

Popes  Shoals  have  a  5-foot  fall  in  a  quarter  of  a  mile,  and  Taylor's 
shoals  have  a  5-foot  fall  within  a  few  hundred  yards. 

The  elevations  in  the  following  lists  are  based  upon  an  aluminum  1 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  build- 
ing at  Atlanta  marked  "  1050  M  C,"  the  elevation  of  which  is  accepted 
as  1,049.546  feet  above  mean  sea  level.  The  leveling  on  South  and 
Ocmulgee  rivers  is  adjusted  to  accord  with  elevations  of  precise  level  j 
bench  marks  at  Constitution,  Holton,  and  Macon,  Ga.,  by  the  1903 
adjustment. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  level  man. 

Elevations  on  South  River  from  Constitution  to  junction  with  Yellow  River  (head  of  Ocmulgee 

River)  near  Worthville. 


Distance 
in  miles. 

0.0 

.0 

2" 

2 

2.8 

2.8 

7 

7 

10 

12.6 

12.0 

16.3 

16.3 

20.6 
20.6 
23.6 
23.6 
25.3 
26.4 
26.4 


Constitution,  25  feet  south  of  Southern  Railroad,  4  feet  east  of  sign- 
board, iron  post  marked  "  847  Morehead  1898  " 

Surface  of  water 

Intrenchnient  Creek,  mouth  of,  nail  in  root  of  black  gum 

Surface  of  water 

McNeals  Bridge,  nail  in  root  of  sycamore  tree 

Surface  of  water 

Kellers  Bridge,  north  end,  iron  bolt 

Surface  of  water 

Shoal  Creek  bridge,  surface  of  water 

Flake's  mill,  nail  in  root  of  birch  tree 

Surface  of  water 

Flat  Shoal  Bridge,  south  side  of  river,  east  side  of  approach,  on  stone 
abutment 

Surface  of  water 

Foot  of  shoal 

Parkers  Bridge,  nail  in  root  of  sweet-gum  tree 

Surface  of  water 

Daniels  Bridge,  lower  side,  right  end  of,  point  of  stone  pier 

Surface  of  water 

Simms  Bridge,  surface  of  water 

Knight  Creek,  50  feet  above  mouth,  on  root  of  sycamore,  nail 

Surface  of  water 


ElevatioB 

in  feet. 


847. 006 

772 

773.  77 

770 

769.  57 

768 

751.92  j 

750 

737 

733.  26 

728 

708.  71 

698 

686 

678.76 

672 

667.  97 

649 

635 

639.28 

629 
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Ocmulgee 


Distance 
in  miles. 


Elevation 
in  feet. 


31 
31 
36 
36 

41 
41 
43 
43.1 


45.3 

45.  3 

50.  8 

50.8 
52.1 
52.1 


Oglesbys  Bridge,  25  feet  above,  nail  in  root  of  oak  tree  . 

Surface  of  water 

Peachstone  Falls,  nail  in  root  of  water  oak 

Peachstone  Shoals,  head  of,  surface  of  water 

Peachstone  Shoals,  foot  of,  surface  of  water 

Butler  Bridge,  30  feet  below,  nail  in  root  of  rod-oak  tree. 

Surface  of  water 

Snapping  Shoals,  head  of,  surface  of  water 


Snapping  Shoals  Bridge,  40  feet  from  north  approach,  on  root  of  water 
oak - 


Snapping  Shoals,  foot  of,  surface  of  water. 
Island  Shoals,  head  of,  surface  of  water  . . 


Island  Shoals  Bridge,  near  south  approach  of,  nail  in  root  of  white 
oak . 


Surface  of  water 

Manns  Bridge,  on  south  side  of  river,  20  feet  below,  nail  in  root  of 
hickory  tree 

Surface  of  water 

Yellow  River,  mouth  of,  opposite,  nail  in  root  of  pine  tree 

Surface  of  water 


G22.  02 

614 

005.  71 

597 

589 

587.15 

509 

562 

559.  66 

542 

536 

534.  89 
525 

518.  49 
503 

506.  94 
498 


Elevations  on  Ocmulgee  River  from  head,  at  junction  of  South  and  Yellow  rivers,  near  Worth- 

ville,  to  Macon. 


Distance 
in  miles. 


Elevation 
in  feet. 


0.0 
.0 


4.1 

4.1 
6.  4 

7.4 
7.4 
7.9 

7.9 
9.2 
9.2 


Yellow  River,  opposite  mouth  of,  nail  in  root  of  pine 

Surface  of  water 

Alcovy  River,  opposite  mouth  of,  nail  in  root  of  large  white  oak. 
Surface  of  water 


Tusahaw  Creek,  mouth  of,  head  of  Lloyds  Shoals,  nail  in  root  of  water 
oak 

Surface  of  water 

Lloyds  Shoals,  foot  of,  surface  of  water 

Pitt  mans  Ferry,  near  south  side  of,  nail  in  root  of  beech  tree. . . 

.Surface  of  water 

Yellow  Water  Creek,  30  feet  above  mouth  of,  nail  in  root  of  hickory 
t  ree 

Surface  of  water 

Giles  Ferry,  nail  in  root  of  pine  tree 

Surface  of  water. 


506.  94 
498 
494.  27 
484 

482.  12 
472 
429 

434.  96 
425 

433.  97 
422 
430.  01 
420 
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Elevations  on  Ocmulgee  River  from  head,  at  junction  of  South  and  Yellow  rivers,  near  Worth- 

ville,  to  Macon — Continued. 


Distance 
in  miles. 

Elevation 
in  feet. 

9.2 

Smiths  Shoals,  head  of,  surface  of  water 

420 

10.7 

Smiths  Shoals,  foot  of,  surface  of  water 

408 

10.9 

Smiths  Ferry,  on  south  side,  20  feet  above  landing,  nail  in  root  of  ash 
tree 

410.  44 

10.9 

407 

11.9 

Lemars  Shoals,  head  of,  surface  of  water 

406 

11.9 

Lemars  Shoals,  foot  of,  surface  of  water 

387 

14.1 

Goodmans  Ferry,  south  side  of  river,  nail  in  root  of  large  red  oak  tree 

400.74 

14.1 

Surface  of  water 

382 

17.8 

Wards  Ferry,  south  side  of  river,  nail  in  root  of  water  oak 

392.  69 

17.8 

Surface  of  water 

375 

19.4 

Big  Sandy  Creek.  Southern  Railway  bridge  over,  1  feet  south  of  rail,  2 
feet  from  east  end  bridge,  point  on  stone  pier 

399.  45 

19.4 

Surface  of  water 

374 

22.5 

Bridges  Ferry,  south  side  of  river,  nail  in  root  of  large  water  oak  t  ice . .  . 

382.  82 

22.  5 

Surface  (it  water 

370 

22.9 

South  bank  river,  10  feet  from  water,  nail  in  root  of  large  oak  tree 

388. 15 

22.9 

Surface  of  water 

368 

24.  1 

Towaliga  River,  south  bank  at  mouth  of.  nail  in  root  of  red  oak  . : 

379.  34 

24.4 

Surface  of  water 

368 

25.4 

( Hovers  Shoals,  head  of,  surface  of  water 

366 

25.9 

( Movers  Shoals,  foot  of,  surface  of  water 

351 

27.3 

Glovers  Ferry,  10  feet  south  of  west  approach,  nail  in  root  of  beech 
tree   .        

361. 10 

27.3 

Surface  of  water 

346 

28.5 

Mitchells  Ferry,  10  feet  south  of  west  end,  nail  in  root  of  red  oak  tree.  . 

361.74 

28.5 

Surface  of  water 

344 

32.4 

25  feet  from  river,  opposite  milepost,  nail  in  root  of  thunderwood  tree.  . 

340.  79 

32.4 

Surface  of  water 

330 

33.  9 

Danns  Ferry,  10  feet  south  of  west  end  of,  nail  in  root  of  ash  tree 

335.  63 

33.9 

Surface  of  water                     

328 

34.9 

Carstarphens  Shoals  and  dam,  head  of,  surface  of  water 

328 

Foot  of  dam,  surface  of  water 

322 

35 

Foot  of  shoals,  surface  of  water 

320 

36.  4 

Rum  Creek,  north  abutment  west  end  of  Southern  Railway  bridge 
over                 

347. 32 

36.4 

318 

36  9 

Popes  Station  in  front  of,  top  of  west  rail 

348. 23 

30  9 

326.  88 

36.  9 

Surface  of  water 

318 

37  9 

317 

37.9 

Foot  of  shoals,  surface  of  water 

312 
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Elevations  on  Ocmvlgee  River  from  head,  at  junction  of  South  and  Yellow  rivers,  near  Worih- 

ville,  to  Macon — Continued. 


Distance 
in  miles. 


Elevation 
in  feet. 


41.9 

41.9 
47.7 
47.7 
49.9 

49.9 
54.9 


Holton,  35  feet  north  of  station:  29  feet  west  of  center  of  track,  iron 
post  marked  "339  Morehead  1898" 

Surface  of  water 

Virgin,  west  rail  of  upper  switch  of  Southern  Railway  at 

Surface  of  water 

Macon  waterworks,  just  below,  30  feet  east  of  track,  100  feet  below 
mouth  of  small  creek  on  south  side  of  river,  nail  in  root  of  pine  tree 

Surface  of  water 

Macon,  post-office  building,  at  corner  of  Mulberry  and  Third  streets, 
at  left  of  Mulberry  street  entrance,  in  water  table,  aluminum  tablet 
marked  • '  334  Morehead  1898  " 


338.  733 
299 
322.  52 

282 

301.88 

278 

333.  942 


YELLOW  RIVER  BELOW  YELLOW   RIVER,   GA. 

Yellow  River  was  surveyed  from  its  mouth,  near  Worthville,  Ga., 
upstream  to  Simmons's  mill,  near  Yellow  River,  Ga.,  a  distance  of 
57  miles.  The  scale  upon  which  the  field  work  is  plotted  is  1 :  22,500. 
During  the  course  of  the  survey  54  bench  marks  were  established 
and  103  water-surface  elevations  obtained. 

Yellow  River  flows  in  a  southeasterly  direction  and  contains  some 
valuable  power  sites,  both  developed  and  in  a  natural  condition. 
One-half  mile  above  its  mouth  are  the  Indian  Fishery  Shoals,  where 
there  is  a  fall  of  12  feet  in  about  200  feet.  The  river  is  here  about 
300  feet  wide,  but  a  narrow  neck  projecting  just  below  the  shoals 
and  several  rocky  islands  considerably  reduce  the  probable  expense 
of  construction.  There  is  a  gristmill  and  a  cotton  gin  in  operation 
here,  using  perhaps  nine-tenths  of  the  available  power. 

For  IS  miles  above  the  river  runs  between  high  banks,  alternating 
with  low  bottoms  to  Langdon  Shoals,  without  any  marked  shoals 
except  at  Lees,  where  there  is  a  fall  of  2\  feet,  and  Flat  Shoals,  with 
a  1-foot  fall.     Langdon  Shoals  have  only  a  4-foot  fall. 

Three  miles  above,  at  Port erd ale,  is  the  finest  power  site  on  the 
river,  where  extensive  developments  have  been  made  by  the  Bibb 
Manufacturing  Company,  which  has  a  large  cotton  and  twine  factory 
at  this  point.  Here  there  is  a  fall  of  67  feet  in  half  a  mile,  with  a 
12-foot  dam  at  the  upper  end  of  the  shoal.  The  banks  at  the  foot 
are  very  high,  but  gradually  become  lower  until  just  above  the  dam 
large  bottoms  begin  and  continue  for  5  miles.  Five  miles  above 
the  Georgia  Railroad  is  the  next  power,  McDaniels  Shoals,  where 
there  is  a  7-foot  fall  in  a  very  short  distance,  and  a  6-foot  dam  operat- 
ing a  gristmill.     The  north  bank  is  solid  rock,  sloping  gently,  but 
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the  south  bank  shows  no  outcrop.  The  power  developed  by  this 
dam  could  be  much  increased  with  small  cost. 

Above  this  point  the  bottoms  become  narrower  and  the  river 
banks  more  rugged  and  higher  until  at  Milstead,  Ga.,  44  miles  above, 
there  is  a  fall  of  45  feet  in  half  a  mile.  A  15-foot  dam,  with  canal, 
is  completed  here,  and  two  large  cotton  factories  are  being  constructed. 
Railroad  facilities  have  recently  made  this  a  valuable  site  for  mills, 
and  a  large  granite  quarry  has  been  opened  up  at  the  same  point. 

Eleven  miles  above  are  Anniestown  Shoals,  with  a  23-foot  fall, 
where  there  is  an  11-foot  dam,  which  formerly  supplied  power  used 
to  operate  a  cotton  mill  of  the  old  type.  The  banks  here  are  all 
hard,  unseamed  rock,  and  the  site  could  be  developed  into  valuable 
property. 

Two  and  one-half  miles  above  are  some  shoals  with  a  14-foot  fall  in 
half  a  mile.     The  power  is  undeveloped,  but  is  in  a  rather  inaccessible 
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Fig.  7.— Profile  of  Yellow  River  below  Yellow  River,  Ga. 
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section  of  the  country.  Above  this  point  the  river  flows  through  a 
very  rough  country  for  10  miles,  passing  no  important  shoals  until 
the  next  power  is  reached,  at  Yellow  River,  Ga.,  the  end  of  the 
survey.  Here  is  a  dam  7.3  feet  high,  which  operates  the  Simmons 
roller  mills.  The  lower  reaches  of  the  river  are  thickly  settled,  cot- 
ton and  grain  being  the  principal  crops,  but  the  upper  part  of  the 
river  is  almost  entirely  in  timber  land. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  build- 
ing at  Atlanta,  marked  "  1,050  M  C,"  the  elevation  of  which  is 
accepted  as  1,049.546  feet  above  mean  sea  level.  The  initial  point 
of  this  list  is  a  bench  mark  of  flying  levels  on  Ocmulgee  River. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 
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Elevations  on  Yellow  River  from  mouth  near  Worthville  to  Yellow  River,  6a. 


Distance 
in  miles. 


Elevation 
in  feet. 


0.0 
.0 
.5 
.5 

.0 
2.5 
2.5 
4.7 

4.7 

6.2 

6.2 

10.7 

10.7 

13.8 

13.8 

16.9 
16.9 


17.7 


17.7 

17.7 

20.8 

20.8 

22.8 

22.8 

23 

23 

24.  3 

26 

26 

28.2 

28.2 

30.5 

30.5 

Yellow  River,  mouth  of,  opposite,  nail  in  root  of  pine  tree 

Surface  of  water 

Indian  Fishery  Shoals,  10  feet  of  from  water,  nail  in  root  of  ash  tree . . 

Foot  of  shoals,  surface  of  water 

Head  of  Indian  Fishery  Shoals,  surface  of  water 

Aliens  bridge,  east  bank,  20  feet  from  river,  nail  in  root  of  maple  tree 

Surface  of  water 

Lees  Shoals,  foot  of,  west  bank,  nail  in  root  of  ash  tree 

Surface  of  water 

Lees  Shoals,  head  of,  surface  of  water 

Pickett  Bridge,  on  east  bank,  nail  in  root  of  white  oak 

Surface  of  water 

Flat  Shoal  Bridge,  west  bank,  nail  in  root  of  white  oak 

Surface  of  water 

Langdons  Shoals,  west  bank,  15  feet  from  river,  nail  in  root  of  white 
oak 

Surface  of  water 

Langdons  Shoals,  head  of,  surface  of  water 

Porterdale  Shoals,  foot  of,  10  feet  from  river,  west  bank,  nail  in  root 
of  white  oak 

Surface  of  water 

Porterdale  dam,  foot  of,  surface  of  water 

Porterdale  dam,  head  of,  surface  of  water 

Porterdale,  30  feet  from  dam,  20  feet  from  south  approach,  nail  in 
root  of  white  oak 

Surface  of  water 

Wagon  bridge,  east  side  of  river,  at  extreme  south  end  of  bridge,  top 
of  steel  post  of  railing 

Browns  Bridge,  60  feet  above,  10  feet  from  river,  on  root  of  gum  tree 

Surface  of  water 

Tin  Bridge,  on  west  bank  river,  nail  in  root  of  poplar  tree 

Surface  of  water 

Georgia  Railroad  bridge,  west  side  of  river,  on  top  of  rock,  chisel  mark 

Surface  of  water 

Hendricks  Bridge,  north  bank  of  river,  nail  in  root  of  water  oak  .. 

Haynes  Creek,  opposite  mouth  of,  nail  in  root  of  water  oak 

Surface  of  water 

McDaniels  Bridge,  west  bank  of  river,  nail  in  root  of  large  water  oak 

Surface  of  water 

McDaniels  dam,  head  of,  surface  of  water 

West  side  of  river,  Pine  Log  Bridge,  10  feet  below,  nail  in  root  of  pine 

Surface  of  water 


506.  94 

500 

517.  24 

504 

516 

528.  49 

517 

528.  49 

520 

523 

539.  23 

526 

551.24 

534 

549.  69 

539 

543 

561.05 
549 
604 
616 

618.  38 
616 

627.  81 

622.  81 

611.6 

627.  49 

617 

642.  05 

617 

639.11 

632.  26 

624.6 

644.  17 

632 

641 

650.  55 

641 
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Elevations   on    Yellow  River   from    mouth    near    WorthviUe   to    Yellow   River,  Ga. 

Continued. 


Distance 
in  miles. 


32.2 

32.2 

32.8 

32.8 

33 

33 

33 

33 
35.4 

35.  4 
36.5 

3(5.  5 
39.  4 
39.4 
40.2 
40.3 
40.8 
40.9 
40.9 
40.9 
41.3 

41.9 
41.9 


Botosh  Creek,  100  yards  above  mouth  of,  left  bank  of  river,  nail  in 
root  of  pine 


Surface  of  water 

Foot  of  Milstead  Shoals,  west  bank,  nail  in  pine  tree 

Surface  of  water 

Milstead,  foot  of  dam,  surface  of  water 

Milstead,  top  of  dam,  surface  of  water 


40  feet  above  wagon  bridge,  on  south  side  of  river,  nail  in  root  of  large 
white  oak 

Surface  of  water 


42.4 

42.4 

43.2 

43.2 

44 

44 

45.  5 

45.  5 

47.2 

48.6 

Irvins  Bridge,  20  feet  above,  left  bank  of  river,  nail  in  root  of  hickory 
tree 


Elevation 
in  feet. 


Surface  of  water 

Right  bank,  nail  in  root  of  water  oak 

Surface  of  water 

Johnsons  Bridge,  east  end  of,  top  of  bolt 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Old  dam,  west  side,  on  point  in  stone  masonry. 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


Opposite  shoals,  right  bank,  20  feet  from  stream,  nail  in  root  of  while 
oak 


Surface  of  water 

Mountain  Creek,  opposite,  nail  in  root  of  white  oak. 

Surface  of  water 

Rock  Bridge,  on  left  bank,  top  of  stone  pier  of 

Surface  of  water 

West  bank,  10  feet  from  river,  nail  in  root  of  ash  tree. 

Surface  of  water 

Opposite  foot  of  shoals,  nail  in  root  of  hickory  tree. 

Surface  of  water 

Anniestown  Shoals,  foot  of,  surface  of  water 

Anniestown  dam,  foot  of,  surface  of  water 

Head  of  dam,  surface  of  water 


Anniestown,  east  bank  of  Haydens  Branch,  nail  in  root   of   lame 
birch  tree & 


Old  mill,  on  large  rock  opposite,  chisel  mark. 


653.  96 

644 

657.  41 

(117 

677 

692 

701.33 
692 

697.  S3 

692 

700.  62 

094 

717.  53 

702 

705 

707 

709 

711 

722.  88 

712 

714 

715 


730.  91 

715 

727.  91 

720 

740.  60 

724 

72S.  -IS 

727 

748.83 

729 

737 

700 

771 

777  (K 

788.  55 

HAIL   AND"] 
HOYT.      J 
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Elevations  on  Yellow  River  from  mouth  near  Worthville  to  Yellow  River,  Ga. — ■ 

Continued. 


Distance 
in  miles. 


48.6 

50.  5 
50.  5 
51.7 
51.7 


53 
53 
54 
55 
55 
55.7 


Surface  of  water , 

Head  of  shoals,  surface  of  water 

Sextons  Bridge,  on  stone  pier  at,  top  of  iron  bolt 

Surface  of  water 

Opposite  shoals,  nail  in  root  of  pine 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  nail  in  root  of  hickory  tree 

Surface  of  water 

Surface  of  water 

Yellow  River  Bridge,  left  bank,  nail  in  root  of  oak 

Surface  of  water 

Yellow  River,  east  bank,  100  yardsa  bove  Simrnons's  mill,  na.il  in  root 
of  large  water  oak 

Simrnons's  mill,  below  dam,  surface  of  water 

Simrnons's  mill,  head  of  dam,  surface  of  water 


Elevation 
in  feet. 


772 

786 

809.  94 

791 

808.  42 

793 

797 

802 

818.  17 

SOI 

807 

825.  41 

815 

834.  86 

819 

826 


ALCOVY    RIVER  BELOW  DABNEY'S  BRIDGE,  GEORGIA. 

In  connection  with  this  survey  17  bench  marks  were  established 
and  26  water  elevations  were  recorded.  The  total  fall  in  the  distance 
surveyed  is  231  feet,  but  at  only  two  points,  namely,  White  and 
Factory  shoals  and  Henderson  Shoals,  is  the  fall  considerable.  The 
remainder  of  the  river  is  mostly  sluggish,  and  tree  trunks,  driftwood, 
and  other  debris  greatly  retard  the  flow,  so  that  during  the  rainy 
season  the  river  is  slow  to  discharge,  causing  the  water  to  rise  higher 
or  spread  out  wider  than  is  usually  the  case  with  rivers  in  this  section 
of  Georgia.  The  average  width  of  the  river  is  about  125  feet,  except 
where  shoals  occur,  at  which  points  it  sometimes  widens  to  300  feet. 
Very  wide  and  low  bottom  lands  are  on  each  side  for  the  first  7  miles 
upstream  from  its  mouth.  Then  the  topography  suddenly  changes 
and  is  much  more  abrupt  and  broken  for  several  miles. 

At  the  mouth  of  Bear  Creek,  which  enters  from  the  east  8  miles 
above  the  mouth  of  the  Alcovy,  is  the  beginning  of  White  and  Factory 
shoals,  which  form  one  continuous  series  with  a  fall  of  83  feet  in  one- 
half  mile.  Here  the  river  is  in  a  gorge  300  feet  wide,  with  banks 
over  100  feet  high  at  several  places,  and  midway  of  this  shoal  is 
an  excellent  site  for  a  dam.  Granite,  apparently  free  from  seams, 
is  exposed  at  the  surface  on  both  sides  of  the  river,  while  the  river 
bed  itself  is  solid  rock.     A  dam    at   this  point  would  be  approxi- 
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mately  250  feet  long.  At  the  upper  end  of  the  shoals  is  another 
good  site  with  the  same  character  of  bottom.  A  dam  would  have 
to  be  about  325  feet  in  length,  and  a  large  volume  of  water  could  be 
stored  through  the  dry  season,  as  the  valley  widens  just  above  the 
dam  site.  A  dam  at  either  site  would  require  a  canal  from  the 
dam  to  the  foot  of  the  shoals.  An  old  corn  mill  at  this  point  uses 
a  small  wooden  dam  to  divert  the  water  into  its  flumes.  Many 
years  ago  a  large  cotton  factory  stood  on  this  site,  but  it  was  burned 
and  never  rebuilt. 

Six  miles  above  these  shoals  are  Henderson  Shoals,  with  a  fall  of  2 
feet.  A  6-foot  dam  has  been  erected  here  to  supply  power  for  a 
large  gristmill,  the  back  water  from  which  extends  to  Dabney's 
bridge,  4  miles  above. 
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Fig.  8.— Profile  of  Alcovy  River  below  "Dabney's  bridge,  Georgia. 

The  construction  of  dams  at  any  other  points  than  those  described 
would  result  in  the  sacrifice  of  much  valuable  bottom  land. 

The  soil  is  very  fertile,  and  splendid  crops  of  cotton  on  the  high 
lands  and  corn  in  the  bottoms  arc  grown  on  both  sides  of  the  river. 
With  better  drainage,  however,  a  much  larger  amount  of  land  could 
be  reclaimed  and  made  valuable  for  cultivation. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  building 
at  Atlanta  marked  "1050  M  C,"  the  elevation  of  which  is  accepted 
as  1,049.546  feet  above  mean  sea  level,  as  determined  by  the  1903 
adjustment.  The  initial  point  of  this  list  is  a  bench  mark  of  flying 
levels  on  Ocmulgee  River. 

The  leveling  was  clone  in  1903,  under  the  direction  of  F.  A. 
Franck,  field  assistant,  by  Joseph  Palmer,  levelman. 
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Elevations  on  Alcovy  River,  from  mouth,  near  Worthville,  to  Dabney's  bridge,  near  Starrsville. 


Distance 
in  miles. 


0.0 

.0 
1 
1 
2 
2 

3.9 
3.9 
4.9 
4.9 
5.9 
5.9 
6.3 
6.3 
6.4 
8.2 

8.2 


9 

9.2 

9.2 

9.2 

9.8 

9.8 

10.8 

10.8 

11.5 

11.55 

12.3 

12.3 

13 

13 

13.3 

14 

14 

15 

15 


Alcovy  River,  mouth  of,  opposite,  on  west  bank  of  Ocmulgee  River, 
nail  in  root  of  white  oak 

Surface  of  water 

Right  bank  of  river,  nail  in  root  of  ash  tree 

Surface  of  water 

East  bank  of  river,  near  water,  nail  in  root  of  ash  tree 

Surface  of  water 

Waters's  bridge,  spike  in  northeast  corner 

Surface  of  water 

West  side  of  river,  near  water,  nail  in  root  of  ash  tree 

Surface  of  water 

Left  bank  of  river,  nail  in  root  of  birch  tree 

Surface  of  water 

Mackcy  Shoals,  opposite  foot  of,  on  left  bank,  nail  in  root  of  ash  tree. 

Mackey  Shoals,  foot  of,  surface  of  water 

Mackey  Shoals,  head  of,  surface  of  water 

Mackey  Second  Shoals,  opposite  foot  of,  left  bank,  nail  in  root  oi  birch 
tree 

Mackey  Second  Shoals,  foot  of,  surface  of  water 

Mackey  Second  Shoals,  head  of,  surface  of  water 

Newton  Factory  Shoals,  foot  of,  surface  of  water 

Dam  at  White's  mill,  on  Newton  Factory  Shoals,  opposite,  nail  in  root 
of  black  gum 

Dam,  foot  of,  surface  of  water 

Dam,  top  of,  surface  of  water 

Newton  Factory  Bridge,  on  lower  end  of,  on  nut,  top  of  bolt 

Surface  of  water 

Newton  Factory  Shoals,  head  of,  surface  of  water , 

Left  bank  of  river,  nail  in  root  of  red-oak  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Left  bank  of  river,  nail  in  root  of  water  oak 

Surface  of  water 

West  bank,  opposite  shoals,  nail  in  root  of  large  beech  tree 

Surface  of  water 

East  bank  river,  nail  in  sweet-gum  tree 

Left  bank  river,  nail  in  root  of  water  oak 

Surface  of  water 

Henderson's  bridge  and  mill,  right  bank  of  river,  near  end  of  bridge, 
nail  in  root  of  post  oak 

Surface  of  water 


Elevation 
in  feet. 


494.  27 

484 

493. 73 

487 

498.  40 

492 

506.  55 

493 

505.  37 

497 

505.  51 

500 

512.  77 

502 

504 

518.  50 
505 
508 
509 

562.  86 

553 

558 

592.  81 

582 

592 

619.  86 
593 
594 
596 

604.  59 
597 

604.  88 
598 
612.  85 

620.  76 
602 

618.  99 
604 
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Elevations  on  Alcovy  River,  from  mouth,  near  Worihville,  to  Dabney's  bridge,  mar  Starr*. 

ville — Continued. 


Distance 
in  miles. 


15 
15 

18.3 

18.3 


KlevatioE 
in  feet 


Henderson's  mill,  foot  of  dam,  surface  of  water 607 

Henderson's  mill,  head  of  dam,  surface  of  water. 013 

Dabney's  bridge,  west  side  of  river,  near  end  of,  nail  in  root  of  water 

oak '(raised  cut  with  hatchet  ) - - 027.22 

Surface  of  water 615 


TOWALIGA    RIVER    BELOW    HIGHFALLS,   GA. 


lliVU    v«.v"-«    ->^~v^   ~~~ ~ ©~~    --■ jll 

the  season.     The  plane-table  sheets  were  all  plotted  on  the 
1:22,500.    Twelve   bench    marks  were  established  and  23 


Towaliga  River  was  surveyed  from  its  mouth,  near  Berner,  Ga., 
to  Highfalls,  Ga.,  a  distance  of  21.7  miles.  The  levels  are  based  on 
a  line  carried  down  South  and  Ocmulgee  rivers  Prom  Constitution 
earlier  in 
scale  of 
water-surface  elevations  were  determined 

Towaliga  River  flows  in  a  southeasterly  direction  and  empties  into 
Ocmulgee  River.  In  the  distance  surveyed  there  is  a  fall  of  194  leet, 
but  with  the  exception  of  Highfalls  there  tire  few  shoals  or  rapids. 
For  21  miles  above  its  mouth  the  stream  does  not  average  more  than 
50  feet  in  width,  and  is  very  shallow.      1 1  is  swift  and  has  a  clean  bed. 

At  Highfalls  there  is  a  drop  of  95  feet  in  a  distance  of  :;,()()()  feet 
in  the  middle  of  which  there  is  a  sudden  drop  of  42  feet ,  known  as  t 
Highfalls.  This  is  tin  excellent  dam  site,  for,  although  during  tin 
normal  stage  of  water  the  volume  is  small,  there  tire  splendid  facilities 
to  store  the  water  above,  as  the  bottom  is  w  idened  out  into  a  natural 
basin.  A  flour  mill  has  been  in  operation  here  for  over  one  hundred 
years,  but  it  uses  only  a  trifling  part  of  the  power.  It  is  now  propose] 
to  erect  a  25-foot  dam  at  this  point  to  supply  elect  tic  power  for 
railway  to  Indian  Springs,  Ga.,  a  summer  resort  8  miles  from  Hig 
falls,  and  also  for  lighting  the  town  of  Forsythe,  11  miles  to  th 
southwest.  Property  for  6  miles  above  the  falls  has  been  purchase 
for  a  storage  basin.  Between  Highfalls  and  the  mouth  of  the  rive 
there  are  good  bottom  lands,  but  the  country  is  thinly  settled  an 
most  of  it  is  still  in  timber.  The  principal  crops  are  cotton  an 
corn. 

The  elevations  in  the  following  list  are  based  upon  an  aluminu  J 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  building 
at  Atlanta,  marked  "  1050  M  C,"  the  elevation  of  which  is  acceptel 
as  1,049.546  feet  above  mean  sea  level,  as  determined  by  the  1903 
adjustment.     The  initial  point  of  this  list  is  a  bench  mark  of  fly  in 
levels  on  Ocmulgee  River. 


II  Ml.    AND    1 
HOYT. 


TO  WALK!  A    KIVKK. 


The    leveling    was   done   in    1  < M ) : > ,   under    the    direction   of 
Franck,  field  assistant,  by  Joseph  Palmer,  levelman. 
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Fig.  9.— Profile  of  Towaliga  below  Hightails,  Ga. 

Elevations  on  Towaliga  River  from  mouth,  near  Berner,  to  Highjalls. 


Distance 
in  miles. 

Elevation 
in  feet. 

0.0 

Towaliga  River,  mouth  of,  on  south  side  between  railroad  track  and 
river,  nail  in  root  of  water  oak 

379.  34 

.0 

Surface  of  water 

367 

1.7 

Lamars  Bridge,  near  east  end  of,  nail  in  root  of  beech  tree. . 

381.99 

1.7 

Surface  of  water 

371 

2.2 

Small  creek  on  west  bank,  mouth  of,  nail  in  root  of  ash  tree. . 

377. 38 

2.2 

Surface  of  water 

373 

3.7 

Surface  of  water 

376 

4 

West  bank,  50  feet  from  river,  nail  in  root  of  large  pine  tree 

412.  45 

4 

Surface  of  water 

379 

4.6 

Surface  of  water 

382 

6 
6 

Hunting  Shoal  Bridge,  stone  pier,  on  north  end  of  bridge,  iron  bolt  .  . 
Surface  of  water 

412.  80 
386 

7 
7 

North  bank,  10  feet  from  river,  twin  water  oak,  nail  in  root  of 

Surface  of  water 

399.  49 
393 
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Elevations  on  Towaliga  River  from  mouth,  near  Berner,  to  Highjalls — Continued. 


Distance 
in  miles. 


9.5 
10.5 

10.5 
11.8 
11.8 
12.3 
12.3 
13.3 

13.3 

14 

14.1 

15 

15.1 

15 

15.5 

15.6 

16 

16 

16.1 

17.4 

17.4 

17.5 

17.5 

18 

18 

18.5 
.0 

18.7 
.0 
19.2 
21.2 
21.2 
21.2 
21.3 
21.3 

21.7 
.0 


Jacksons  Bridge,  west  bank  of  river,  large  poplar  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

West  bank  of  river,  creek,  100  yards  above  mouth  of,  10  feet  from 
river,  nail  in  root  of  pine  tree 

Surface  of  water.  „ 

Wilsons  Bridge,  10  feet  below  east  approach,  nail  in  root  of  water  oak . 

Surface  of  water 

West  bank,  on  water  oak 

Surface  of  water 


North  and  South  forks  of  North  Fork,  100  yards  above  junction  of, 
nail  in  root  of  birch  tree 


Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Opposite  shoals,  north  bank,  nail  in  root  of  birch  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Morans  Bridge,  on  north  bank,  20  feet  east  of,  nail  in  root  of  white  oak 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Opposite  shoals,  nail  in  root  of  willow 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  wat  er 

Tobes  Creek,  mouth  of,  nail  in  root  of  pine 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Small  shoals,  surface  of  wat  er 

Head  of  small  shoals,  surface  of  water 

Branch,  south  bank,  20  feet  above  mouth  of,  nail  in  root  of  birch  tree  . . 

Long  shoals,  foot  of,  south  bank,  nail  in  white  oak  tree 

Surface  of  water 

Highfalls  Shoals,  foot  of,  surface  of  water 

Highfalls,  head  of  Highfalls  Shoals,  surface  of  water 


Highfalls,  wagon   bridge   over  Towiliga  River,  west  side  north  ap- 
proach to,  top  of  iron  bolt 


Old  dam,  opposite,  head  of  long  shoals,  surface  of  water. 
Highfalls,  high-water  mark 


409.  84 

395 

377 

116.  15 
400 

121.06 
406 

131.01 
410 

416.93 
414 
418 
421 
422 
428 
132.  23 
129 
131 

443.  61 
437 
139 

119.71 
443 
446 
150 

457.  48 
152 
152 
151 
455 
457 
162.  60 
171.31 
466 
492 
524 

563. 32 

561 

561 
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1  CHATTAHOOCHEE  RIVER  FROM   CHESTATEE  TO   SAUTEE,  GA. 

A  survey  of  the  upper  Chattahoochee  River  between  Chestatee 
and  Sautee,  Ga.,  a  distance  of  55  miles,  was  made  during  July  and 
August,  1903.  Between  these  two  points  a  fall  of  387  feet  was 
found,  the  greater  part  of  which  is  above  the  mouth  of  Soque  River. 
During  the  survey  25  bench  marks  were  established  and  90  water- 
surface  elevations  determined.  The  plane-table  sheets  were  plotted 
on  a  scale  of  1:22,500.  The  original  elevations  for  the  levels  were 
based  upon  an  assumed  elevation  near  Gainesville,  Ga.,  but,  as 
published  herein,  they  have  been  reduced  to  mean  sea  level. 

Above  the  mouth  of  Chestatee  River  for  10  miles  are  a  number  of 
small  shoals  aggregating  a  fall  of  28  feet.  Ten  miles  above  the  mouth 
of  the  Chestatee,  Little  River  empties  from  the  north,  and  at  this  point 
are  the  first  good  shoals,  where  there  is  a  fall  of  7  feet  in  a  distance 
of  300  yards.  A  quarter  of  a  mile  above  this  point  the  North  Georgia 
Electric  Company  is  constructing  a  dam  36  feet  high,  which  is  to 
supply  electric  power.  The  backwater  from  this  dam  will  extend 
8  miles  upstream,  to  just  above  Clarks  Bridge.  One  half  mile  above 
this  point  is  a  shoal  having  a  9-foot  fall  in  half  a  mile. 

Just  above  this  shoal  are  Reynolds  Shoals,  with  a  fall  of  6  feet  in 
250  yards.  There  is  a  good  power  site  at  this  point,  as  the  banks 
and  bottom  are  hard  rock.  From  here  to  Mud  Creek,  3  miles,  there 
is  a  uniformly  distributed  fall  of  15  feet,  while  just  above  the  mouth 
of  Mud  Creek  there  is  a  good  dam  site.  A  dam  here  would  be  about 
300  feet  long,  but  the  height  could  be  40  to  50  feet  or  more,  if  desired. 

The  next  shoal  of  importance  is  Mountain  Island  Shoal.  It  gives 
a  fall  of  8  feet  in  half  a  mile.  Here  the  river  flows  around  the  island 
between  banks  100  feet  high.  A  dam  at  the  lower  end  would  be 
300  feet  long.  Perkins  Shoals  come  next,  2  miles  upstream,  with 
a  fall  of  6  feet,  and  just  above  them  is  a  shoal  with  a  7-foot  fall. 
These  could  be  used  together. 

From  here  to  the  mouth  of  Soque  River  is  a  uniform  fall  of  11 
feet,  and  just  above  the  mouth  of  the  Soque  there  is  a  fall  of  8  feet 
in  650  feet.  For  the  next  3  miles  there  is  a  continuous  succession  of 
shoals,  with  a  fall  of  74  feet.  The  river  flows  in  a  narrow  gorge 
of  hard,  unseamed  rock,  and  at  several  points  dams  <^ould  easily  be 
constructed.  Above  this  point  the  river  narrows  very  greatly,  and 
is  full  of  small  shoals  as  far  as  Nacoochee  Valley.  From  the  valley 
to  the  end  of  the  survey  there  are  no  falls  or  shoals. 

Nacoochee  Valley  is  very  fertile  and  grain  and  grasses  are  raised. 
A  large  quantity  of  timber  is  still  standing  along  the  river,  especially 
in  the  upper  half  of  the  valley. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  Nacoochee,  marked  "  1349  Atlanta,"  in  a  ledge  of  rock  200 
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feet  west  of  ford  of  Chattahoochee  River,  the  elevation  of  which  is 
now  accepted  as  1,348.269  feet  above  mean  sea  level. 

The  adjustment  of  this  line  was  accomplished  in  conjunction  with 
leveling  on  Chestatee  and  Soque  rivers,  tied  at  Willow  and  Clarks- 
ville,  respectively,  and  by  an  extra  check  at  Pole  to  primary-level 
circuits,  and  accords  with  the  1903  adjustment  of  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 
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Fig.  10.— Profile  of  Chattahoochee  River  from  Nacoochee  to  junction  with  Chestatee  River,  Ga. 

Elevations  on  Chattahoochee  River  from  Keith's  bridge,  at  mouth  of  Chestatee  River,  to  Nacoochee. 


Distance 
in  miles. 

Elevation 
in  feet. 

0.0 

Near  Keith's  bridge,  mouth  of  Chestatee  River,  on  nail  in  root  of 
walnut  tree 

964.  37 

.0 

Surface  of  water • 

950 

.0 

Foot  of  shoals,  surface  of  water 

950 

.0 

Head  of  shoals,  surface  of  water 

956 

1.7 

On  nail  in  root  of  walnut  tree,  north  bank  of  river 

989.  71 

3.7 

Foot  of  shoals,  surface  of  water 

960 

3.7 

Head  of  shoals,  surface  of  water 

963 
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Elevations  on  Chattahoochee  River  from  Keith's  bridge,  at  mouth  of  Chestatee  River,  to  Nacoo- 

chee — Continued. 


Distance 
in  miles. 


Elevation 
in  feet. 


5.7 

5.7 
6.2 
6.8 
6.8 
6.8 
7.3 
8.3 
8.3 
9.4 
9.4 
10 

10 
11 


12.2 

12.2 
13.2 
13.2 
13.9 

16.2 
16.2 
17.2 
17.2 

19.2 
19.2 
19.5 

21.2 
21.2 
22.2 
22.2 
23.9 
23.9 


Small  shoals,  edge  of  public  road  opposite,  nail  in  root  of  large  wal- 
nut tree 

Small  shoals,  surface  of  water 

Surface  of  water 

Iron  bridge,  nail  in  root  of  large  walnut  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Thompson  Bridge,  nail  in  root  of  large  walnut  tree 

Surface  of  water 

Little  River,  mouth  of,  foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

North  Georgia  Electric  Company's  new  dam,  100  yards  below,  north 
side  of  bluff,  nail  in  root  of  white  oak 

Surface  of  water 

Chattahoochee  Park,  on  east  side  and  at  sharp  bend  of  river,  nail  in 
birch  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

New  Bridge,  near  Gainesville,  near  small  store  building,  large  oak 
tree,  spike  in  root  of 

Surface  of  water 

South  bank  of  river,  6  feet  from  water,  willow  tree,  nail  in  root  of 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Clarks  Bridge,  east  side  of  river,  large  maple  tree,  nail  in  root  of  .... 

Surface  of  water 

Small  bluff,  north  side  of  river,  poplar  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Red  oak  tree,  nail  in  root  of 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Savage  Ferry,  nail  in  notch  of  oak  post 

Surface  of  water 

Left  bank  of  river,  nail  in  root  of  birch  tree 

Surface  of  water 

North  bank  of  river,  nail  in  root  of  water-oak  tree 

Surface  of  water 


985.  61 

965 

966 

980.  26 

967 

967 

972 

998.  36 

977 

978 

984 

1,004.04 

985 

1,004.27 

996 
1,010 

1,028.32 

1,011 

1,014.94 

1,012 

1,012 

1,014 

1,039.81 

1,017 

1,045.27 

1,020 

1,024 

1,043.29 

1,025 

1,028 

1,332 

1,051.30 

1,034 

1,050.46 

1,037 

1,046.76 

1,038 
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Elevations  on  Chattahoochee  River  from  Keith's  bridge,  at  mouth  of  Chestatee  River,  to  Nacoo- 

chee — Continued. 


Distance 
in  miles. 


23.9 
24.9 


25.6 
25.6 
26.5 

26.5 

28.8 

29.8 

29.8 
31.8 
31.8 
31.9 
32.6 
32.6 


33.1 
33.1 
33.2 
34.1 
34.1 

34.2 

34.5 
35.2 
35.2 
35.2 
35.2 

37.3 

37.4 

38.2 
38.2 


Head  of  shoals,  surface  of  water 

Seven  Island  shoals,  opposite  foot  of,  large  poplar  tree,  nail  in  root  of. 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Flat  Creek,  1  mile  above  mouth  of,  nail  in  root  of  poplar  tree 

Surface  of  water 


Lulu  bridge,  60  feet  below,  on  north  bank  of  river,  red  oak  tree,  nail 
in  root  of 


Surface  of  water 

Walnut  tree  in  large  open  bottom,  left  bank  of  river,  nail  in  root  of. 
Surface  of  water ■ 


Elevation 

in  feet. 


Belton  bridge.  100  yards  below,  right  bank  of  river,  walnut  tree,  nail 
in  root  of 


Surface  of  water 

Right  bank  of  river,  pine  tree,  nail  in  root  of 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Nail  in  root  of  birch  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  on  side  of  bluff,  large  pine,  opposite,  nail  in  root  of. . 

Surface  of  water 

Harrisons  Shoals,  foot  of,  surface  of  water 

Harrisons  Shoals,  opposite,  nail  in  root  of  oak  tree 

Harrisons  Shoals,  surface  of  wafer 

Harrisons  Shoals,  head  of,  mouth  of  Mossy  Creek, surface  of  water.. 

Mountain  Island  Shoals,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  nail  in  root  of  white  oak 

Foot  of  shoals,  surface  of  wrater 

Head  of  shoals,  surface  of  water 

Perkins  Shoals,  opposite  foot  of,  nail  in  root  of  water  oak 

Perkins  Shoals,  foot  of,  surface  of  water 

Perkins  Shoals,  head  of,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  north  bank  of  river,  opposite,  nail  in  root  of  black- 
gum  tree 

Foot  of  shoals,  surface  of  wrater 

Head  of  shoals,  surface  of  water 


1,040 

1,066.94 

1,040 

1,044 

1,045.84 

1,045 

1,065.68 
1,049 
1,076.23 
1,053 

1,076 

1,056 

1,092.99 

1,061 

1,069 

1,085. 

1,070 

1,071 

1,073 

1,092 

1,082 

1,084 

1,101 

1,087 

1,087 

1,088 

1,096 

1,109 

1,101 

1,106 

1,113 

1,107 

1,113 

1,115 

1,123 


79 


S3 


70 


78 


.68 


1,127. 
1,127 
1,130 


76 
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Elevations  on  Chattahoochee  River  from  Keith's  bridge,  at  mouth  oj  Chestatee  River,  to  Nacoo- 

chee— Continued. 


Distance 
in  miles. 


38.3 

38.4 

38.6 

38.6 

39.3 

39.3 

39.3 

39.3 

39.6 

39.8 

40 

40 

40.5 

40.8 

41.8 
42.3 

42.3 
42.6 
43.2 
43.5 

43.5 
43.6 

44.2 

44.2 

44.5 

45 

46 

46 

46.8 

46.8 
47.3 

47.5 
48.5 


Duncan  Bridge,  30  feet  below,  nail  in  red-oak  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  nail  in  root  of  water  oak 

Soque  River,  south  bank,  at  mouth,  nail  in  root  of  birch  tree 

Surface  of  water 

Soque  River,  mouth  of,  in  forks  of  river,  nail  in  root  of  pine  stump. 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  on  west  bank  of  river,  nail  in  root  of  red  oak. 

Long  shoals,  head  of,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  root  of  hickory  tree 

Irwins  Bridge,  10  feet  below,  left  bank  of  river,  nail  in  root  of  poplar 
tree 


Surface  of  water 

Irwins  bridge,  just  above,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Blue  Creek,  surface  of  water 


Blue  Creek,  100  yards  above  mouth  of,  in  fork,  nail  in  root  of  red 
oak  tree 


Amos  Ford,  on  west  bank,  large  birch  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Aliens  Bridge,  west  end  of,  red  oak  tree,  nail  in  root  of. 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water. 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  nail  in  root  of  birch  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Shoals,  opposite  head  of,  nail  in  root  of  pine  tree 

Foot  of  shoals,  surface  of  water 


Elevation 
in  feet. 

1 

148.  90 

1 

131 

1 

135 

1 

155.  41 

1 

147.  82 

1 

137 

1 

148.  86 

1 

137 

1 

144 

1 

149 

1 

159 

1 

165.  20 

1 

178 

1 

178 

1 

216 

1 

222.  10 

1 

223. 37 

1 

216 

1 

222 

1 

228 

1 

229 

1 

242 

1 

243 

1, 

256.  09 

1, 

256.09 

1, 

244 

1, 

247 

1, 

250 

1, 

266.  49 

1, 

256 

1, 

259 

1, 

260 

1, 

263 

1, 

264.  18 

1, 

271 

1, 

274 

1, 

280.  73 

1, 

276 
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Elevations  on  Chattahoochee  River  from  Keith's  bridge,  at  mouth  of  Chestatee  River,  to  Nacod 

chee — Continued. 


Distance 
in  miles. 

49 

49 

49 

49.2 

49.2 

50.5 

50.5 

51.8 

53 

55 

55 

Head  of  shoals,  surface  of  water 

Shoals,  red  oak  opposite  head  of,  nail  in  root  of 

Head  of  shoals,  surface  of  water 

Sharp  bend  of  river,  water  oak  tree,  nail  in  root  of 

Surface  of  water 

Suspension  footbridge,  poplar  tree  at,  nail  in  root  of 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Sautee  Creek,  near  mouth  of,  in  Nacoochee  Valley,  surface  of  water. 

Sautee  Creek,  ford  near  mouth,  surface  of  water 

Nacoochee  post-office,  200  feet  west  of,  ford  of  Chattahoochee  River, 
6  feet  above  surface  of  road,  on  ledge  of  rock,  aluminum  tablet 
marked  ' '  1349  Atlanta  " 


Elevation 

in  feet. 


1,280 

1,285.53 

1,288 

1,304.53 

1,292 

1,305.97 

1,297 

1,299 

1,306 

1,309 

1,339 

1,348.269 


CHATTAHOOCHEE  RIVER  FROM  CHATTAHOOCHEE  TO 
FRANKLIN,  GA. 

A  survey  of  the  middle  Chattahoochee  River  was  made  between 
Chattahoochee  and  Franklin,  Ga.,  a  distance  of  65  miles.  The  eleva- 
tions for  this  survey  were  based  upon  the  United  States  Geological 
Survey  bench  mark  at  Chattahoochee,  Ga.,  and  the  plane-table 
sheets  were  plotted  on  a  scale  of  1 :  22,500. 

In  the  lower  section  of  the  river  for  21  miles  the  Chattahoochee 
is  without  shoals  or  rapids  until  Redmens  Shoals  are  reached,  where 
there  is  a  fall  of  2  feet.  The  next  shoals,  Maderia  Shoals,  1 1  miles 
farther  downstream,  have  a  fall  of  6  feet  in  half  a  mile.  Here,  on 
the  west  side,  is  a  large  bluff  of  hard  rock,  and  on  the  east  side  are 
flat  bottom  lands.  The  water  is  very  shallow,  and  the  stream  has  a 
rocky  bottom.  A  dam  here  would  be  about  600  feet  long,  and  to 
be  made  of  sufficient  height  to  develop  any  amount  of  head  would 
flood  valuable  bottom  lands  above. 

Below  Maderia  Shoals  the  river  runs  over  small  riffles  of  1  to  2 
feet  until  the  Central  of  Georgia  Railroad  bridge  is  reached,  and  for 
5  miles  below  this  point  there  is  practically  no  fall  until  Mcintosh 
Shoals  are  reached,  where  there  is  a  fall  of  8  feet  in  a  quarter  of  a 
mile.  The  river  here  runs  through  broken  country,  with  high  banks 
on  both  sides,  showing  good  exposures  of  hard  rock.  A  dam  here 
would  be  600  feet  long,  but  several   rocky  islands  would  probably 


reduce  the  cost  of  construction, 
more  if  necessary. 


The  dam  could  be  25  feet  high  or 
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Seven  miles  farther  down  the  river  are  Fishtrap  Shoals,  with  a  6-foot 
fall  in  a  quarter  of  a  mile.  A  dam  here  would  be  700  feet  long,  as 
the  west  bank  is  low.  Two  miles  downstream  is  the  beginning  of 
Bushhead  Shoals,  the  best  dam  site  on  this  section  of  the  river.  Here 
there  is  a  fall  of  7  feet,  but  added  to  the  5  feet  just  above  and  the  6 
feet  of  Fishtrap  Shoal,  a  total  fall  of  19  feet  could  be  obtained  in  a 
distance  of  5  miles.  A  dam  built  here  would  be  650  feet  long  and 
could  be  of  any  desired  height.  Good  rock  is  exposed  on  each  bank. 
Two  flourishing  towns,  Newnan  and  Carrollton,  which  are  about  15 
miles  from  here,  in  opposite  directions,  would  utilize  this  power. 
One  mile  below  is  a  small  4-foot  shoal,  where  the  banks  of  the  river 
are  very  flat. 

At  the  mouth  of  Centralhatchee  Creek,  2  miles  below,  is  the  last 
shoal,  which  has  a  2-foot  fall.  It  does  not  offer  a  good  opportunity 
for  development,  owing  to  the  low  and  extensive  bottom  lands  on 
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Fig.  11.— Profile  of  Chattahoochee  River  from  Chattahoochee  to  Franklin,  Ga. 

the  north  side  of  the  river.  This  section  of  the  river  has  a  width  of 
about  300  feet,  but  in  some  places  widens  to  over  1,000  feet. 

Valuable  and  extensive  bottom  lands  are  under  high  cultivation, 
principally  cotton  and  corn  being  raised,  but  the  transportation 
facilities  are  very  poor.  The  overflow  from  the  river  several  times 
a  year  spreads  a  slimy  sediment  over  the  bottom  which  seems  to  act 
as  a  rich  fertilizer. 

For  4  miles  below  Chattahoochee  there  are  valuable  clay  beds  on 
the  south  side  of  the  river,  which  have  been  excavated  to  a  depth 
of  10  feet  for  brick  manufacture. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  at  the  Washington  street  entrance  to  the  State  capitol  build- 
ing at  Atlanta,  marked  "  1050  M  C,"  the  elevation  of  which  is  now 
accepted  as  1,049.546  feet  above  mean  sea  level.  The  line  is  adjusted 
to  accord  at  each  end,  Oakdale  and  Franklin,  with  corrected  primary 
elevations  in  accord  with  the  1903  adjustment. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 


B8  WRITER    SURVEYS    AND    PROFILES    OF    1903. 

Elevations  on  Chattahoochee  River  from  Chattahoochee  to  Franklin. 


Distance 
in  miles. 


0.0 
.0 
.5 
.5 

1.6 

1.6 

3.4 
3.4 
4.1 
4.1 
5.4 
5.4 
6.4 
6.4 
7.4 
7.4 
8.4 
8.4 
10.3 

10.3 
11.3 

11.3 
12.8 

12.8 

14.8 

14.8 

16.6 

16.6 

17 

17 

17.9 

17.9 
20.6 

20.6 
21.2 
21.2 
21.3 
21.7 


Oakdale,  in  front  of  station,  main  track,  top  of  south  rail 

Surface  of  water 

Left  bank  of  river,  on  root  of  willow  tree 

Surface  of  water 

Mason  and  Turner  Ferry,  near  east  approach  to,  on  root  to  hickory 


tree. 


Surface  of  water 

Old  ferry,  10  feet  from  left  bank,  on  root  of  sycamore  tree 

Surface  of  water 

Left  bank,  20  feet  above  bridge,  on  root  of  water  oak 

Surface  of  water 

Left  bank,  40  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Left  bank,  30  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Left  bank,  40  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Left  bank,  20  feet  from  river,  on  root  of  sweet  gum  tree 

Surface  of  water 

Adaholts  Ferry,  mouth  of  Sweetwater  Creek,  opposite,  on  root  of 
large  sycamore  tree 

Surface  of  water 

Left  bank,  30  feet  from  river,  on  root  of  large  walnut  tree 

Surface  of  water 

Dupree  Ferry,  left  bank,  15  feet  from  river,  on  root  of  elm  tree.  . .  . 

Surface  of  water 

Left  bank,  70  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Camp  Creek,  mouth  of,  on  root  of  ash  tree 

Surface  of  water 

Left  bank,  20  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Campbellton  Ferry,  10  feet  from  river,  left  bank,  on  root  of  syca- 
more tree 

Surface  of  water 

Brock's  ferry,  10  feet  from  river,  left  bank,  on  root  of  white  oak 
tree 

Surface  of  water 

Redmens  Shoals,  left  bank,  10  feet  from  river  on  root  of  sycamore  tree . 

Surface  of  water 

Redmens  Shoals,  foot  of,  surface  of  water 

Pea  Creek,  mouth  of,  surface  of  water 
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Elevations  on  Chattahoochee  River  from  Chattahoochee  to  Franklin — Continued. 


Distance 
in  miles. 


Elevation 
in  feet. 


22 

22 
23.4 

23.4 

24.5 

24.5 

25.6 

25.6 

28.1 

28.1 

29.6 

29.6 

30 

30.9 

31.1 

31.4 

31.8 

31.8 
32.1 
33.4 

33.4 
35.1 
35.1 
36 

36 
37.5 

37.5 
38.6 
38.6 
39.2 
39.3 
40.1 

40.1 
40.1 
40.7 
40.7 


Rivertown  Ferry,  left  bank,  10  feet  from  river,  on  root  of  syca- 
more tree 

Surface  of  water 

Pumpkintown  Ferry,  left  bank,  15  feet  from  river,  on  large  birch 
tree 

Surface  of  water 

Bear  Creek,  mouth  of,  on  root  of  poplar  tree 

Surface  of  water 

Left  bank,  40  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Defer's  ferry,  left  bank,  15  feet  from  river,  on  large  birch  tree 

Surface  of  water 

Jones  Ferry,  left  bank,  15  feet  from  river,  on  root  of  pine  tree 

Surface  of  water 

Ballard  Shoals,  10  feet  from  river,  left  bank,  on  root  of  willow  tree. 

Ballard  Shoals,  head  of,  surface  of  water 

Ballard  Shoals,  foot  of,  surface  of  water. 

Madeira  Shoals,  head  of,  surface  of  water 

Madeira  Shoals,  opposite,  on  right  bank,  on  root  of  white  oak,  side 
of  rock  bluff 

Madeira  Shoals,  surface  of  water 

Wolf  Creek,  mouth  of,  foot  of  Madeira  Shoals,  surface  of  water. . . . 

Hutchinson's  ferry,  right  bank,  20  feet  from  river,  on  root  of  maple 
tree 

Surface  of  water 

Long  Island,  upper  end  of,  head  of  shoals,  surface  of  water 

Right  bank,  head  of  shoals,  in  root  of  pine  tree 

Long  Island,  opposite  lower  end  of,  foot  of  shoals,  nail  in  root  of 
water  oak  tree 

Surface  of  water 

Snake  Creek,  right  bank,  10  feet  from  river,  100  yards  above  mouth, 
on  root  of  willow  tree 

Surface  of  water 

Moores  Ferry,  right  bank,  on  root  of  large  birch  tree 

Surface  of  water 

Shoals,  head  of,  surface  of  water 

Shoals,  foot  of,  surface  of  water 

Central,  of  Georgia,  Railroad  bridge  over  river,  right  bank,  40  feet 
above  bridge,  on  root  of  willow  tree 

Surface  of  water 

Shoals,  foot  of,  surface  of  water 

Opposite  right  bank,  nail  on  root  of  poplar  tree 

Surface  of  water 


720.  64 
714 

727.  94 

712 

730.  35 

712 

725.  50 

710 

722.  92 

709 

718.  60 

706 

711.13 

705 

704 

704 

716.81 
702 

698 

709.  12 
694 
692 
709.  11 

703.  37 

689 

696.72 

688 

702.  85 
686 
685 
684 

692. 12 
684 
683 
699. 76 

682 
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Elevations  on  Chattahoochee  River  from  Chattahoochee  to  Franklin— Continued. 


Distance 
in  miles. 


41.4 

41.4 

41.7 

41.8 

42.6 

42.7 

43 

43.6 

43.9 

43.9 

44.9 

45.4 

45.4 

46.1 

46.1 

49 

49 

50 

50 

50.7 

50.7 

50.9 

53.  1 

53.1 

55 

55.3 

55.3 

56.3 

56.9 

56.9 

57.5 

58.5 

58.5 

59 

59 

60 

60.2 

60.8 

61 

62 


Elevation 
in  feet. 


Reese's  ferry,  right  bank,  on  root  of  ash  tree 

Surface  of  water 

Head  of  Shoals,  surface  of  water 

Foot  of  Shoals,  surface  of  water 

Fridell  Shoals,  head  of,  surface  of  water 

Fridell  Shoals,  foot  of,  surface  of  water 

Foot  of  bluff,  right  bank  of  river,  nail  in  root  of  sweet  gum  tree.  . .  . 

Hanson  Shoals,  head  of,  surface  of  water 

Houston  Ferry,  nail  in  root  of  catalpa  tree 

Surface  of  water I 

Mcintosh  Reserve  Shoals, head  of,  surface  of  water 

Mcintosh  Reserve  Shoals,  foot  of,  right  side  of  bank,  nail  in  root  of 
sweet  gum  tree 

Mcintosh  Reserve  Shoals,  foot  of,  surface  of  water 

Culpepper,  mouth  of,  on  root  of  red  oak  tree 

Surface  of  water 

Whooping  Creek,  mouth  of,  nail  in  root  of  birch  tree 

Surface  of  water 

Brown's  ferry,  right  bank,  nail  in  root  of  walnut  tree 

Surface  of  water 

Yellow  Dirt  Creek,  light  bank,  nail  in  root  of  sweet  gum  tree 

Surface  of  water 

Yellow  Dirt  ('reek,  month  of,  surface  of  water 

Hollingsworth  Ferry,  right  bank,  nail  in  root  of  water  oak  tree. .. . 

Surface  of  water 

Pink  Creek,  mouth  of,  surface  of  water 

Right  bank,  on  nail  in  root  of  sweet  gum  tree 

Surface  of  water 

Fishtrap  Shoals,  head  of,  surface  of  water 

Fishtrap  Shoals,  right  bank, opposite  center  of  shoals, elm  tree,  nail 
in  root  of 

Fishtrap  Shoals,  surface  of  water 

Fishtrap  Shoals,  foot  of,  surface  of  water 

Bushhead  Shoals,  opposite  upper  island,  nail  in  root  of  birch  ..... 

Bushhead  Shoals,  head  of,  surface  of  water 

Bushhead  Shoals,  foot  of,  on  side  of  bluff,  nail  in  root  of  white  oak. . 

Bushhead  Shoals,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


693.  86 

682 

682 

681 

680 

679 

684. 36 

678 

684.02 

677 

676 


679.  49 

668 

678.01 

667 

670.  70 

664 

661.96 

662 

679.  80 

662 

660 

673.  31 

6,58 

658 

664.  97 

658 

657 

670.  26 

652 

648 

653. 32 

645 

648. 15 

638 

638 

634 

634 

632 

632 
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Elevations  on  Chattahoochee  River  from  Chattahoochee  to  Franklin — Continued. 


Distance 
in  miles 

62.2 

63.8 

63.8 

64 

64.5 

64.7 

65 

Foot  of  shoals,  surface  of  water 

Centralhatchee  Creek,  opposite  mouth  of,  nail  in  root  of  birch 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Franklin,  wagon  bridge,  surface  of  water 

Franklin,  on  rivet  on  top  left  iron  pier  of  east  approach  of  wagon 
bridge 1 

Franklin,   in   south  side   of   court-house,   bronze   tablet   marked 
"  695  A" 


Elevation 
in  feet. 


628 
633.  49 
628 
627 
626 

655.  17 

694.  742 


CHATTAHOOCHEE  RIVER   FROM   WEST   POINT  TO  COLUMBUS,   GA. 

Chattahoochee  River  was  surveyed  from  West  Point  to  Columbus, 
Ga.,  a  distance  of  37  miles,  in  which  there  is  a  fall  of  361  feet.  Dur- 
ing the  work  5  bench  marks  were  established  and  35  water-surface 
elevations  obtained.  The  survey  was  plotted  on  the  scale  of  1 :  22,500, 
and  was  accompanied  by  a  flying-level  line  based  on  a  United  States 
Geological  Survey  tablet  at  West  Point,  Ga. 

For  4  miles  below  West  Point  the  river  is  sluggish.  At  Langdale, 
Ala.,  there  is  a  wing  dam  with  9  feet  head,  operating  a  knitting  mill. 
The  dam  is  loosely  built  of  light  lumber,  connecting  a  number  of 
small  islands,  and  a  large  amount  of  water  goes  to  waste. 

Probably  the  best  site  for  a  permanent  structure  at  Langdale  is 
about  one-half  mile  below  the  present  mill,  where  a  head  of  18  feet 
would  back  water  to  just  below  West  Point.  A  dam  as  proposed 
above  would  not,  except  in  time  of  flood,  spread  the  backwater 
beyond  the  present  banks  of  the  river. 

Between  Langdale  and  Riverview,  where  there  is  another  knitting 
mill,  there  is  a  continuous  network  of  small  islands.  At  Riverview 
there  is  a  9-foot  wing  dam  similar  to  that  at  Langdale,  but  it  fur- 
nishes even  less  water,  as  the  eastern  channel  is  broader. 

From  Riverview  to  Columbus  the  river  is  one  continuous  shoal, 
and  the  choice  of  sites  for  dam  construction  rests  on  minor  details 
rather  than  amount  of  power. 

Some  of  the  best  sites  are  just  below  Houstons  Ferry,  3|  miles 
from  Riverview,  where  a  24-foot  dam  would  have  good  ledge-rock 
foundations  for  the  480  feet  of  river  bed,  while  the  ordinary  red  clay  of 
the  region  appears  on  the  banks. 

Three  miles  farther  downstream,  about  1  mile  below  Blantons 
Ferry,  is  another  site,  but  a  dam  here  would  flood  a  good  deal  of 
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bottom  land.  For  4  miles  below  here  is  one  of  the  swiftest  and 
roughest  parts  of  the  river.  There  is  a  good  site  at  the  end  of  the 
stretch,  just  below  the  Big  Bull  Slough,  and  another  one-third  of  a 
mile  above  Bartlett's  old  ferry.  The  former  could  probably  be 
developed  into  a  valuable  plant,  supplying  power  to  West  Point, 
Lanett,  Hamilton,  Opelika,  and  a  score  of  smaller  towns,  all  less 
than  25  miles  from  this  point.  A  dam  probably  could  be  built  here 
with  a  head  of  70  feet.  The  river  bottom  is  ledge  rock,  with  some 
bowlders,  and  the  shores  are  of  the  same  rock  covered  with  more 
or  less  soil.  A  dam  70  feet  high  would  back  the  water  nearly  tc 
Mountain  Oak  Creek.  Many  of  the  islands  in  the  river  would  be 
flooded.  Some  of  them  are  large  and  cultivated  to  some  extent. 
There  would  also  be  some  flooding  of  bottom  lands  on  both  sides  oi 
the  river,  but  no  lands  of  pronounced  value  would  be  destroyed. 

About  5f  miles  farther  downstream,  at  what  is  known  locally  as 
Goats  Rock,  a  dam  very  similar  to  the  above  could  be  constructed 
The  shore  lines  are  very  precipitous  and  ledge  rock  outcrops  on  botr; 
banks.  A  head  of  70  feet  would  utilize  all  the  available  powei^ 
between  this  point  and  the  proposed  dam  5f  miles  above. 

Seven  and  one-half  miles  below  is  the  beginning  of  what  is  knowr 
as  the  old  Clapp  factory  falls.  This  is  one  of  the  best  rapids  or 
the  river.  Unfortunately,  the  river  is  exceptionally  wide  and  the! 
construction  of  a  dam  would  be  expensive.  The  old  mill  derivec 
its  power  by  means  of  a  wing  dam  which  has  not  been  used  upwarc 
of  fifteen  years.  A  dam  here,  backing  the  water  up  to  Goat  Rock 
and  a  canal  carrying  it  to  the  foot  of  the  falls,  will  give  a  total  heac 
of  about  77  feet.  The  river  bottom  is  ledge  rock,  and  the  shores  ar< 
the  same  covered  with  several  feet  of  soil. 

One  and  one-fourth  miles  below  the  old  Clapp  factory  is  the  dan| 
of  the  Columbus  Power  Company.  This  dam  has  a  head  of  32  feet 
developed  by  a  stone  concrete  dam,  below  which  the  tailrace  ha 
been  deepened  and  separated  from  the  river  by  a  stone  wall.  Par 
of  the  power  is  utilized  by  the  large  cotton  mill  of  the  company 
situated  on  the  east  bank  of  the  river.  The  balance  is  distributee 
about  the  city  of  Columbus. 

One  and  one-fourth  miles  farther  down  the  stream  is  what  is  callec 
the  city  mill  dam,  with  9|  feet  head.  It  is  a  wooden  structure  an< 
needs  constant  attention,  furnishing  power  to  the  city  of  Columbu 
and  to  a  gristmill.  Three-fourths  of  a  mile  below  is  a  stone  dan 
kept  in  good  repair  and  owned  by  the  Eagle  and  Phoenix  Company 
one  of  the  largest  cotton  manufacturing  companies  in  the  South 
Just  below  this  dam  is  the  head  of  navigation  for  steamboats. 

The  elevations  in  the  following  list  are  based  upon  a  bronze  table 
in  west  abutment  of  Altanta  and  West  Point  Railroad  bridge  ove 
Chattahoochee  River  at   West    Point.      The    elevation    of  this,   a 
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determined  by  a  net  of  primary  levels,  extended  from  Rome,  Ga.,  a 
point  on  the  precise-level  net,  is  573.193  feet  above  mean  sea  level, 
in  accord  with  the  1903  corrected  elevation  of  that  place. 

The  leveling  was  done  under  the  direction  of  I.  T.  Fitch,  field 
assistant,  by  W.  H.  Sallee,  levelman. 
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Fig.  12.— Profile  of  Chattahoochee  River  from  West  Point  to  Columbus,  Ga. 

Elevations  on  Chattahoochee  River  from  West  Point  to  Columbus,  Ga.  (single  spur  line) 


Distance 
in  miles. 


0.0 

.0 
.0 


3.1 

6 

6 

6 

8.6 
8.6 
8.6 


West  Point,  in  west  abutment  of  Atlanta  and  West  Point  Railroad 
bridge  over  Chattahoochee  River,  bronze  tablet  marked  "573  A"  . 

Highway  bridge,  surface  of  water 

Tidewater  elevation  corresponding  to  zero  of  local  hydrographic  sta- 
•    tion 

West  Point,  opposite,  in  Alabama,  United  States  engineers'  bench 
mark,  1,000  feet  north  of  highway  bridge,  100  feet  east  of  road  inter- 
section, west  bank  of  river,  75  feet  from  water,  iron  monument  sunk 
in  ground 

Long  Cane  Creek,  surface  of  water 

Langdale,  Ala.,  90  feet  south  of  Moores  Creek,  in  factory  lawn  between 
factory  and  track,  top  of  hydrant 

Langdale,  mill  pond  at,  surface  of  water 

Langdale,  below  dam,  surface  of  water 

Riverview,  mill  pond,  surface  of  water 

Riverview,  below  mill  pond,  surface  of  water 

Riverview,  opposite,  in  Alabama,  northwest  corner  of  cotton  mill,  35 
feet  southwest  of,  50  feet  south  of  dam,  top  of  double-orifice  hydrant 


Elevation 
in  feet. 


573.  193 
551 

549 


564. 28 
549 

548.  54 

542.1 

533 

532 

522 

534.  94 
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Elevations  on  Chattahoochee  River  from  West  Point  to  Columbus,  Ga.  (single  spur 

line  ) — Continued. 


Distance 
in  miles. 

12 

14.4 

16.6 

20.3 

23.7 

34.7 

34.7 

35.9 

36.1 

36.1 

37 

37 

Houstons  Ferry,  surface  of  water 

Blantons  Ferry,  west  side  of  river,  200  feet  from  edge  of  water,  25  feet 
east  of  poplar  tree,  wagon  road,  top  of  knob,  south  side  of  blazed 
tree 

Dixons  Ferry,  surface  of  water 

Bartletts  old  ferry,  50  feet  northwest  of  west  bank  of  river,  top  of 
ledge,  rock  18  feet  from  water 

Mulberry  Creek,  Georgia,  surface  of  water 

Columbus  Power  Company,  mill  pond,  surface  of  water 

Columbus  Power  Company,  below  pond,  surface  of  water 

Columbus,  mill  pond  of  city  milldam,  surface  of  water 

Columbus,  below  mill  pond  of  city  milldam,  surface  of  water 

Columbus,  above  Eagle  and  Phoenix  Company  dam, surface  of  water .  . 

Columbus,  below  Eagle  and  Phoenix  Company  dam,  surface  of  water  . . 

Columbus,  beneath  highway  covered  bridge,  surface  of  water 

Girard,  Ala.,  Broad  and  Sixth  streets,  southeast  corner  of  intersect  ion, 
bucket  and  windlass  well,  45  feet  east  of,  top  of  stone  guard  post  at 
Wm.  C.  Bill's  saloon 


Elevation 
•  •1  feet. 


497 

508.  74 

483 

404.  78 

363 

260 

240 

226 

216 

216 

200 

190 

255. 14 


SOQUE  RIVER  BELOW   CLARKSVILLE,  GA. 

Soque  River  was  surveyed  from  its  mouth,  near  View,  Ga.,  to 
Clarksville,  Ga.,  a  distance  of  8  miles.  The  levels  were  based  on 
a  line  carried  up  Chattahoochee  River  from  Gainesville,  Ga.,  and  the 
field  sheets  were  platted  on  the  scale  of  1 :  22,500. 

The  first  power  is  5^  miles  above  its  mouth  and  1  mile  below  from 
Bert.  Here  there  is  an  undeveloped  fall  of  6  feet  in  about  50  yards. 
The  south  bank  is  hard  rock;  the  north  bank  is  not  very  high,  but 
seems  to  be  solid  rock.  The  best  site  for  a  dam  is  probably  at  the 
lower  end  of  the  falls.  A  dam  here  would  be  about  380  feet  long 
and  not  over  7  feet  high,  or  the  water  would  back  up  over  the  lower 
end  of  more  valuable  shoals  above. 

At  Bert,  Ga.,  are  the  Porter  Shoals,  which  have  a  drop  of  48  feet — 
far  the  best  waterfall  on  the  river.  A  small  wing  dam  develops 
power  to  operate  Porter's  woolen  and  cotton  factory,  4  miles  from 
Demorest,  Ga.,  the  nearest  railroad  point. 

About  500  feet  upstream  is  Porter's  upper  shoal,  at  which  there 
is  a  15-foot  fall  partly  developed  by  a  small  dam,  and  which  sup- 
plies power  for  factory  No.  2  of  the  same  company.  A  much  greater 
head  would  be  obtained  here  by  increasing  the  size  of  the  dam. 

One  and  one-half  miles  above  Bert  is  a  splendid  water-power  site, 
known  as  the  Old  Factory  Shoals,  where  there  is  a  fall  of  23  feet  in 
a  distance  of  600  feet.     There  was  a  dam  here  at  one  time,  but  all 
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asns  of  it  have  vanished.  The  river  is  about  350  feet  wide  and 
lows  in  several  channels  between  small  islands.  Good  sandstone 
mtcrops  on  both  banks. 

Just  above  this  point  the  river  bottoms  widen  and  the  farming 
ands  are  better  between  here  and  Clarksville,  the  end  of  the  survey, 
j;han  any  point  on  the  river. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  the  north  side  of  east  entrance  to  the  court-house  at  Clarks- 
ville, marked  "1372  Atlanta/'  the  elevation  of  which  is  accepted  as 
1,371.991  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment of  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
ield  assistant,  by  Joseph  Palmer,  levelman. 
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Fig.  13.— Profile  of  Soque  River  below  Clarksville,  Ga 


Elevations  on  Soque  River  from  near  View  to  Clarksville,  Ga. 


Distance 
in  miles. 


0.0 

.0 
1.6 


Soque  River,  south  bank  of  mouth  of,  at  junction  of  Soque  and  Chat- 
tahoochee rivers,  birch  tree,  nail  in  root  of 

Surface  of  water 

McAllisters  Bridge,  near  north  end  of,  nail  in  root  of  white  oak 


Elevation 
in  feet. 


1,147.82 

1,137 

1,156.30 
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Elevations  on  Soque  River  from  near  View  to  Clarkesville,  Ga.— Continued. 


Distance 
in  miles. 


1.6 


4.1 

4.7 

5.6 
5.7 
6.1 
6.1 
5.9 

6.1 
6.2 

6.3 
7.3 
7.3 
7.3 

8.8 

8.8 


Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Newbridge,  hickory  tree  on  north  bank,  nail  in  root. 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Porter's  mills,  foot  of  Porter  Shoals,  surface  of  water. 
Bert,  head  of  Porter  Shoals,  surface  of  water 


Elevation 
in  feet. 


Bert,  Porter  Shoals,  opposite  head  of  shoals,  water  oak,  nail  in  root 
of 


Bert,  near  north  end  of  wagon  bridge,  red  oak  t  ree,  nail  in  root  of . . . 

Bert,  foot  of  upper  shoals,  surface  ol  water 

Head  of  upper  shoals,  surface  of  water 

Bert,  Ga.,  200  yards  above  factory,  near  river,  on  root  of  water  oak 

Foot  of  shoals,  surface  of  water 

Left  bank  of  river,  nail  on  root  of  sycamore  tree 

Surface  of  water,  head  of  shoals 


Clarksville,  Habersham  County  court-house,  on  north  side  of  east 
entrance,  aluminum  tablet  marked  '"'  1372  Atlanta" 

Surface  of  water 


1,142 

1,142 

1,149 

1,171.71 

1,152 

1,153 

1,156 

1,156 

1,162 

1,166 

1,181 

1,189 

1,237 

1,189.07 

1,246.13 

1,238 

1,253 

1,262.75 

1,261 

1,287.37 

1,284 

1,371.991 
1,289 


CHESTATEE  RIVER  BELOW   WILLOW,  GA. 

Chestatee  River  was  surveyed  from  Willow,  Ga.,  to  its  mouth,  near 
Chestatee,  a  distance  of  47.7  miles. 

A  line  of  secondary  levels  was  run,  based  on  a  primary  bench 
mark  of  the  United  States  Geological  Survey,  2  miles  north  of  Willow. 
The  field  sheets  were  platted  on  the  scale  of  1:22,500.  During  the 
course  of  the  survey  40  bench  marks  were  established  and  98  water- 
surface  elevations  obtained. 

For  the  first  8  miles  the  river  traverses  a  very  wild  and  broken 
country,  and  is  only  about  50  feet  wide.  There  is  not  enough  water 
to  produce  any  considerable  amount  of  power,  although  there  is  a  fall 
of  124  feet. 

At  Gannett  Bridge  there  is  an  old  3-foot  dam  which  was  used  to 
furnish  power  for  a  gold-stamping  mill,  the  machinery  of  which  is  now 
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ruined  from  disuse.     This  is  about  the  north  boundary  of  the  Dah- 
lonega  gold  field  now  under  vigorous  development. 

One  mile  downstream  is  an  unnamed  shoal,  with  a  fall  of  30  feet  in 
0.6  of  a  mile.  The  river  runs  between  very  steep  banks  of  hard, 
unseamed  rocks,  and  a  200-foot  dam  could  be  constructed  here,  abun- 

Idant  material  being  easily  accessible. 
Just  below  Grinnells  Ford  is  a  splendid  site,  where  the  river  sud- 
denly drops  47  feet  in  about  150  yards  and  passes  through  a  narrow 
gorge.     The  river  bed  is  of  broken  rock,  and  a  dam  at  this  point 
would  be  about  200  feet  long. 

About  2  miles  farther  down  is  a  drop  of  11  feet  in  100  yards.  The 
river  runs  through  a  narrow  gorge,  but  just  above  the  valley  widens 
enough  to  make  a  good  storage  basin.  A  dam  would  be  about  225  feet 
long  and  could  be  built  to  almost  any  desired  height.  A  pyrites 
mine  here  employs  50  men.  Four  miles  below  the  Crown  Gold 
Mining  Company  is  erecting  a  40-foot  dam,  known  as  the  Gorge  dam, 
to  run  hydraulic  pumps  for  two  placer  mines..  This  dam  will  back 
up  the  water  for  2 \  miles  and  will  cover  a  number  of  small  shoals. 

The  river  below  here  runs  swiftly,  but  without  important  shoals  for 
about  3^  miles.  It  then  enters  the  back  water  from  Chestatee  dam, 
which  is  4  feet  high,  and  supplies  power  for  a  gristmill,  cotton  gin,  and 
hydraulic  pump. 

Three  miles  farther  down  is  a  gold-stamping  mill,  the  power  for 
which  is  supplied  by  an  11-foot  dam,  which  backs  the  water  up  as  far 
as  Iron  Bridge  just  below  the  Chestatee  dam.  Six  miles  farther  down 
i  is  a  26-foot  dam,  built  by  the  North  Georgia  Electric  Company,  at  New- 
bridge, Ga.,  which  supplies  power  for  the  traction  system  and  lighting 
of  the  city  of  Gainesville,  Ga.,  15  miles  away.  A  smaller  dam,  4  feet 
high,  just  below  the  main  structure,  furnishes  power  for  a  gristmill  and 
I  cotton  gin. 

Below  Newbridge,  Ga.,  the  river  enters  a  more  level  country  and 
runs  with  little  fall  to  Bolden's  bridge,  9  miles  below,  passing  a  3-foot 
dam,  which  is  used  to  operate  a  small  flouring  mill,  and  a  6-foot  dam, 
wnich  supplies  power  for  a  large  gristmill. 

In  the  remaining  8  miles  there  are  no  shoals  or  opportunities  for 
power  development.  The  sand  in  the  bed  of  the  river  contains  a 
large  amount  of  gold,  and  placer  mining  on  a  considerable  scale  is  one 
of  the  occupations  of  the  people  throughout  this  whole  region. 

Nearly  all  of  the  important  shoals  which  are  undeveloped  are  con- 
trolled by  the  mining  interests  in  the  neighborhood.     The  upper  part 
of  the  survey  was  through  fairly  heavy  timber,  but  the  lower  end  of 
|  the  work  was  through  land  all  under  high  cultivation.     The  river 
passes  3  miles  from  Dahlonega,  the  county  seat  of  Lumpkin  County. 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet 
2.5  miles  north  of  Willow,  in  rock  on  west  side  of  river  at  fork  of 
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road,  marked  "  1529  Atlanta/'  the  elevation  of  which  is  accepted  as 
1;528.649  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment of  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 

Elevations  on  Chestatee  River  below  Willow,  Ga. 


Distance 
in  miles. 


Willow,  2.5  miles  north  of,  on  west  side  of  river,  at  fork  of  road,  in 
rock,  bronze  tablet  marked  "  1529  Atlanta  " 

Willow,  near  west  end  of  bridge,  walnut  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Foot  of  shoals,  opposite,  west  side  of  river,  nail  in  root  of  maple  tree. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  w  ater 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Right  bank  and  10  feet  from  river,  nail  in  root  of  red  oak  tree 

Surface  of  water 

Head  of  large  shoals,  surface  of  water 

Foot  of  large  shoals,  surface  of  water 

Shoals,  opposite,  right  bank  of  river,  nail  in  root  of  red  oak 

Surface  of  water 

Foot  of  shoals,  surface  of  water. 

Sharp  bend  of  river,  right  bank,  nail  in  root  of  red  oak 

Surface  of  water 

Crooked  Shoal,  head  of,  surface  of  water 

Crooked  Shoal,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water. 

Left  bank  of  river,  opposite  shoals,  large  white  oak,  nail  in  foot  of. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  left  bank,  60  feet  below,  nail  in  root  of  hickory 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Small  creek,  mouth  of,  opposite  center  of  shoals,  spruce  pine,  nail 
in  root  of 

Old  dam ,  top  of,  surface  of  water 

Old  dam,  bottom  of,  surface  of  water 

Gannett  Bridge,  10  feet  below,  on  left  bank  river,  nail  in  red  oak. . 


Elevation 
in  feet. 

1 

,  528.  649 

1 

461.  37 

1 

454 

1 

449 

1 

447.  54 

1 

446 

1 

444 

1 

443 

1 

438 

1 

428 

1 

422 

1 

437.  94 

1 

416 

1 

415.5 

1 

406 

1 

425.  41 

1 

405 

1 

399 

1 

404.53 

1 

394 

1 

390 

1 

386 

1 

384 

1 

378 

1 

388.  79 

1 

377 

Ij 

353 

1 

364.  25 

1, 

346 

1, 

328 

1, 

335.  59 

1, 

321 

1, 

317 

1, 

318.  35 
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Distance 
in  miles. 


8.  2       Surface  of  water 

8.  5       Old  gold-stamping  mill,  foot  of  bridge  at,  surface  of  water 

8.  8       Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  opposite,  left  bank  river,  nail  in  root  of  sweet  gum 
tree 

9.  4  Head  of  shoals,  surface  of  water 

9.  9  Grinnells  Ford,  foot  of  shoals,  surface  of  water 

10  Grinnells  Ford,  in  root  of  large  birch  tree,  near  ford,  nail  in  root  of  . . 

10.  3  Head  of  shoals,  surface  of  water 

10.  7  Tesnatee  River,  mouth  of,  foot  of  shoals,  surface  of  water 

10.  7       Tesnatee  River,  mouth  of,  in  fork  between  rivers,  on  side  of  rock 

bluff,  in  white  oak  tree,  nail 

11.1  Grinnell's  lower  ford,  surface  of  water 

11.  2       Grinnell's  lower  ford,  on  right  bank  100  yards  below  ford,  point  of 

large  rock,  chisel  mark 

11.2  Grinnell's  lower  ford,  foot  of  shoals,  surface  of  water 

11.  4       Head  of  shoals,  surface  of  water 

11.  6       Foot  of  shoals,  surface  of  water 

11.6       Right  bank  of  river,  nail  in  root  of  hickory  tree 

11.  7       Head  of  shoals,  surface  of  water 

11.  9       Foot  of  shoals,  surface  of  water 

12.  6       Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

12.  8       Right  bank  river,  pine  tree,  nail  in  root  of 

13.  5       Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

14  White  oak  tree,  nail  in  root  of 

14  Surface  of  water 

14.  6       Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

14.  9        Gorge  dam,  above,  head  of  shoals,  surface  of  water 

15.  8       Gorge  dam,  40  feet  below,  right  bank  of  river,  nail  in  hickory  tree 

15.  9  Gorge  dam,  below  dam,  foot  of  shoals,  surface  of  water 

16.  4  Surface  of  water. 

17  Bearden's  bridge,  top  of  stone  pier  on  west  approach,  iron  bolt 

17  Surface  of  water 

17.  6  Head  of  shoals,  surface  of  water 

17.  8  Surface  of  water 

20.  2       Chestatee  dam,  top  of,  surface  of  water 

20.  2       Chestatee  dam,  foot  of,  surface  of  water 

20.  4       Iron  Bridge,  60  feet  below,  beech  tree,  nail  in  root  of 


Elevation 
in  feet. 

1 

309 

1 

305 

1 

304 

1 

296 

1 

303.1 

1 

293 

1 

263 

1 

265.4 

1 

262 

1 

215 

1 

231.3 

1 

209 

1 

218.1 

1 

207 

1 

206 

1 

201 

1 

214.3 

1 

200 

1 

189 

1 

187 

1 

174 

1 

183.5 

1 

169 

1 

163 

1 

166.9 

1 

160 

1 

155 

1 

150 

1 

149 

1 

159.2 

1 

138 

1 

133 

1 

150. 1 

1 

130 

1 

125 

1 

,122 

1 

,119 

1 

,115 

1 

,121.8 
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Distance 
in  miles. 


Elevation 
in  feet. 


20.6 


22.8 


23.9 
23.9 
24.2 
25.1 
25.1 
26.1 
26.2 
26.8 
27.9 
30 

30.2 

30.2 
31.3 
31.3 
32.5 

32.5 
33.4 
33.4 
33.5 


34.7 

35.7 
35.7 
35.8 
36.7 

36.9 
38.5 

38.8 
39.6 


Iron  Bridge,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Surface  of  water 

Gold-stamping  mill,  top  of  dam,  surface  of  water 

Foot  of  dam,  surface  of  water 

Gold-stamping  mill,  persimmon  tree  near,  nail  in  root  of 

Branch,  near  mouth  of,  nail  in  root  of  red  oak 

Surface  of  water 

Foot  of  small  shoals,  surface  of  water 

Brierpatch  Bridge,  south  side  of  east  approach,  iron  holt 

Surface  of  water 

Head  of  shoal,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water. 

Left  bank  of  river,  pine  tree,  nail  in  root  of 

Georgia  Electric  Company's  dam,  top  of,  surface  of  water 

Foot  of  dam,  surface  of  water 

Newbridge  (post-office),  west  side,  top  of  central  bridge  pier,  bolt. 

Newbridge,  head  of  small  dam,  surface  of  water 

Small  dam,  foot  of,  surface  of  water 

East  bank,  50  feet  from  river,  nail  in  root  of  large  pine 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Pine  tree  opposite  shoals,  nail  in  root  of 

Yellow  Creek,  50  yards  below  mouth  of,  nail  in  root  of  red  oak. . . . 

Surface  of  water 

Surface  of  water 

Head  of  small  shoals,  surface  of  water 

Foot  of  small  shoals,  surface  of  water 

Robinson's  ford,  10  feet  from  river,  nail  in  root  of  red  oak  tree 

Robinson's  ford,  surface  of  water 

Rock  Bluff,  left  bank  of  river,  nail  in  root  of  oak  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Flour  mill,  top  of  dam,  surface  of  water 

Dam,  foot  of,  surface  of  water 

Surface  of  water 

Small  creek,  mouth  of,  surface  of  water 

East  bank  of  river,  40  feet  from,  nail  in  root  of  red  oak 


Bolden's  bridge,  40  feet  from  east  bank,  stump  near  bridge,  nail  in 
root  of 
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Distance 
in  miles. 

39.8 

39.8 

39.9 

40.8 

40.8 

40.9 

42.6 

42.6 

43.4 

44.6 

44.6 

45.6 

47.7 

Bolden's  bridge,  west  side  of  east  approach,  top  of,  iron  bolt 

Surface  of  water 

Mill,  top  of  dam,  surface  of  water 

Mill,  foot  of  dam,  surface  of  water 

Langleys  Creek,  east  side,  40  feet  below  mouth,  nail  in  root  of  red  oak 

Langleys  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

East  bank  of  river,  nail  in  root  of  sycamore  tree 

Surface  of  water 

Surface  of  water 

River,  200  feet  from,  in  open  field,  nail  in  walnut  tree 

Surface  of  water 

Mouth  of  branch,  near,  40  feet  from  east  bank  of  river,  nail  in  red 
oak  tree 

Chestatee,  Ga.,  near,  at  mouth  of  Chestatee  River,  near  Keith's 
bridge,  nail  in  root  of  walnut  tree 


Elevation 
in  feet. 


1,001.28 
984 
983 
977 
989.  34 
972 
970 

974.  48 
964 
963 

975.  87 
960 

981.  76 

964.  37 


HIWASSEE    RIVER    FROM    HIWASSEE,    GA.,   TO    APALACHIA,    N.    C. 

Hiwassee  River  was  surveyed  from  Hiwassee,  Ga.,  to  Apala- 
chia,  N.  C,  a  distance  of  63  miles.  In  that  distance  there  is  a  fall 
of  707  feet.  A  line  of  secondary  levels  based  on  the  United  States 
Geological  Survey  bench  mark  at  Hiwassee,  Ga.,  was  run.  The 
field  sheets  were  plotted  on  the  scale  of  1 :22,500.  During  the  course 
of  the  survey  39  bench  marks  were  established  and  119  water-surface 
elevations  obtained. 

There  are  no  shoals  of  any  consequence  until  just  below  Bell  Creek, 
where  there  is  one  of  10  feet  with  good  rock  bottom  and  rock  bluffs 
on  the  northeast  side  of  the  river.  A  dam  could  be  constructed 
here  with  a  length  of  about  200  feet. 

One  mile  below  Hayesville  Bridge  is  a  shoal  with  a  fall  of  18  feet 
in  1^  miles,  but  no  suitable  place  for  a  dam  was  noted. 

One  and  one-half  miles  below,  at  Passmore  Ford,  is  a  shoal  with  a 
21 -foot  fall  in  1|  miles  and  with  a  fairly  good  site  for  the  construction 
of  a  dam.  The  bottom  is  rocky  and  there  are  rock  bluffs  on  the 
south  side  of  the  river.     The  dam  would  be  about  300  feet  long. 

Four  and  one-half  miles  below  is  the  12-foot  dam  of  the  Cherokee 
Lumber  Company.  This  is  a  splendid  site.  A  40-foot  structure 
would  not  back  the  water  over  1|  miles  and  would  not  do  any  dam- 
age to  cultivated  lands. 

Three  miles  below,  at  Island  Ford,  is  a  shoal  with  a  17-foot  fall  in 
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1  mile.  This  is  an  excellent  dam  site,  as  the  bottom  is  rocky  and 
there  are  hard-rock  bluffs  on  either  side.  The  dam  would  be  300 
feet  long.  Building  material  can  be  easily  obtained.  Five  miles 
below,  and  about  1  mile  above  Murphy,  is  a  shoal  with  a  25-foot 
fall  in  If  miles.     A  dam  about  600  feet  long  could  be  built  here. 

One-third  mile  below  Murphy,  at  the  mouth  of  Valley  River, 
is  the  head  of  a  shoal  If  miles  long  with  a  fall  of  25  feet.  This  is  an 
excellent  power  site.  The  bottom  is  rocky;  both  sides  are  of  hard 
rock.     The  dam  would  be  about  500  feet  long. 

Seven  and  one-half  miles  below  Murphy,  at  Shallow  Ford,  is  a 
shoal  with  14-foot  fall  in  1J  miles.  This  offers  an  excellent  site  for 
a  dam,  as  bottom  and  banks  are  rocky.     The  dam  would  be  about 
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Fig.  14.— Profile  of  Iliwassee  River  from  Hiwassee,  Ga.,  to  Apalachia,  N.  C. 


1,000 


550  feet  long.  Three  miles  below  Shallow  Ford  is  a  shoal  with  a 
20-foot  fall  in  1^  miles.  The  dam  here  would  be  only  about  400 
feet  long. 

Two  miles  below  is  a  23-foot  shoal  If  miles  long,  where  the  river 
runs  between  steep  hills.  The  dam  here  would  be  600  feet  long. 
Excellent  building  material  is  at  hand. 

From  Chambers  Creek  to  lower  Shallow  Ford,  6^  miles,  the  river 
has  a  fall  of  15  feet  per  mile,  and  is  almost  a  continuous  shoal.  There 
are  several  excellent  dam  sites.  From  Shoal  Creek  to  Cane  Creek, 
2  miles,  there  is  a  shoal  with  a  fall  of  38  feet.  This  is  a  fine  power 
site,  with  hard,  rocky  bottom  and  sides.  A  dam  at  this  point  would 
be  about  700  feet  long. 
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From  Cane  Creek  down  to  the  Tennessee  State  line  (5  miles),  the 
end  of  the  survey,  the  river  has  a  fall  of  30  feet,  with  only  a  7-foot 
shoal  three-fourths  of  a  mile  between  Kilpatrick  Ferry  and  Taylor 
Ferry. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  marked  "  1984  Atlanta"  at  the  northeast  corner  of  front 
vestibule  of  Towns  County  court-house,  Hiwassee,  Ga.,  the  eleva- 
tion of  which  is  accepted  as  1,983.634  feet  above  mean  sea  level. 
The  leveling  is  adjusted  with  flying  levels  on  Nottely  River  to 
accord  with  the  1903  adjusted  elevation  of  primary  bench  mark 
at  Blairsville  and  Hiwassee,  Ga.  From  the  mouth  of  Nottely  River 
to  Apalachia  the  leveling  is  a  single  spur  line. 

The  leveling  was  done  in  1903,  under  the  direction  of  Carroll  Cald 
well,  field  assistant,  by  T.  B.  O'Hagan,  levelman. 

Elevations  on  Hiwassee  River  jrom  Hiwassee,  Ga.,  to  Apalachia,  N.  C. 


Distance 
in  miles. 


0.0 

.3 

.3 
.3 
.3 

.8 
1.6 


1.7 

1.9 

2.2 

2.2 
2.3 
2.3 

2.8 
3.4 
3.6 
3.7 
3.8 
4.8 
4.8 
4.8 


Hiwassee,  Towns  County,  court-house,  at  northeast  corner  of  front 
vestibule,  aluminum  tablet  marked  "Atlanta,  1,984" 

Hiddon  Bridge,  300  feet  north  of,  edge  of  county  road,  white-oak 
tree,  nail  in  west  side  of 

Hiddon  Bridge,  surface  of  water 

High  water 

Bridge  floor 

Town  Branch,  mouth  of,  surface  of  water 

25  feet  north  of  bridge,  20  feet  west  of  river,  point  on  bluff  rock. . 

Bridge,  surface  of  water 

B.  F 

High  water 

Hog  Creek,  mouth  of,  surface  of  water 

Small  rapids,  surface  of  water 

Bell  Creek,  900  feet  north  of,  on  east  edge  of  river,  triple  maple  tree, 
nail  in  side  of 

Bell  Creek,  mouth  of,  surface  of  water 

Small  falls,  head  of,  surface  of  water 

Small  falls,  foot  of,  surface  of  water 

Surface  of  water 

Sally  Ford,  mouth  of,  surface  of  water 

Hog  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Gibson  Creek,  mouth  of,  surface  of  water 

Long  Bullet  Creek,  mouth  of,  surface  of  water 

Pendelton  Ford,  25  feet  northwest  of,  nail  in  side  of  dead  stump. . 

Surface  of  water 


Elevation 
in  feet. 


1,983.634 

1,882.30 

1,865 

1,882 

1,881 

1,862 

1,871.36 

1,857 

1,874.8 

1,876 

1,855 

1,854 

1,854.14 

1,853 

1,851 

1,847 

1,838 

1,836 

1,833 

1,830 

1,829 

1,825 

1,838.20 

1,823 
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Elevations  on  Hiwassee  River  from  Hiwassee,  Ga.,  to  Apalachia,  N.  C. — Continued. 


Distance 
in  miles. 


4.8 
5.2 
5.5 
5.6 

6.1 
6.2 
6.4 
6.4 
6.9 
7.2 
7.9 


8.3 

8.3 

8.8 
9 

9.2 
9.4 


10 
10 

10.8 
11.5 


11.8 
12.2 
12.6 

12.6 
12.8 
13.3 
13.6 
14 


High  water 

Sneaking  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Ford,  75  feet  northwest  of,  10  feet  west  of  road,  nail  in  red- 
oak  tree 

15  feet  north  of  river,  point  on  rock 

Surface  of  water 

Stream,  mouth  of,  surface  of  water 

Rough  Ford,  15  feet  north  of  river,  rock  bluff,  point  on  rock 

Surface  of  water 

Shooting  Creek,  mouth  of,  surface  of  water 

Barnard  Bridge,  northeast  abutment,  point  on  top  of 

Surface  of  water 

Bridge  floor 

High  water 

Ford,  surface  of  water 


—  Ford,  50  feet  south  of  ford,  15  feet  north  of  river,  nail  in  side 
of  dogwood  tree 

Surface  of  water 

Head  of  island 

H}^atts  Mill  Creek,  mouth  of,  surface  of  water 

Herbert  Ford,  on  south  edge  of  river  at,  nail  in  side  of  birch  tree  . 

High  water 

Surface  of  water 

Blair  Creek,  mouth  of,  surface  of  water 

12  feet  west  of  river,  point  on  rock 

Surface  of  water 

Town  Creek,  mouth  of,  surface  of  water 


Elevation 
in  feet. 


Tusquite  Bridge,  250  feet  west  of,  on  edge  of  river,  nail  in  root  of 
birch  tree 


Bridge,  surface  of  water 

High  water 

Martin  or  Quail  Creek,  mouth  of,  surface  of  water. 
Surface  of  water 


Tusquitee  Creek,  mouth  of,  150  led  northwest  of,  10  feet  west  of 
river,  nail  in  root  of  birch  tree 


Surface  of  water 

Rapids,  surface  of  water 

Below  rapids,  surface  of  water 

Stream,  mouth  of,  surface  of  water 

Martin  Ford,  125  feet  south  of,  on  west  edge  of  river,  a  fish  trap, 
nail  in  root  of  birch  tree 

Surface  of  water 


1,835 
1,820 
1,819 

1,830.62 

1,824.63 

1,811 

1,809 

1,816.84 

1,807 

1,804 

1,818.31 

1,797 

1,819.7 

1,814 

1,794 

1,807.89 

1,790 

1,789 

1,787 

1,791.19 

1,799 

1,787 

1,787 

1,796.74 

1,782 

1,778 

1,778.90 

1,774 

1,794 

1,174 

1,773 

1,777.93 

1,771 

1,767 

1,760 

1,759 

1,757.74 
1,756 
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Elevations  on  Hiwassee  River  from  Hiwassee,  Ga.,  to  Apalachia,  N.  C. — Continued. 


Distance 
in  miles. 


14.8 
14.9 

16 

16.4 

17 

17.3 

17.5 

17.5 

17.7 

18.3 

18.8 

19.1 

19.4 

19.6 

20 

20 

20.5 

20.9 

21 

21.4 

21.5 

21.8 

22 

22 

22 

22 

22.2 

24 

24 

24.1 

24.7 

25.2 

26.2 

27.6 

28 

28 

29.5 

29.9 

30.4 


Surface  of  water 

Leatherwood  Ford,  25  feet  northwest  of,  nail  in  walnut  tree 

Surface  of  water 

Allbon  Creek,  mouth  of,  surface  of  water  .' 

Surface  of  water 

Fires  Creek,  mouth  of,  surface  of  water 

Mountain  stream,  mouth  of,  surface  of  water 

Passmore  Ford,  east  side  of  river,  in  center  of  ford  road,  nail  in  root 
of  gum  tree 

Surface  of  water 

Cloud  Fire  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Betty  Creek,  mouth  of,  surface  of  water 

Head  of  island,  surface  of  water 

Sweetwater  Creek,  mouth  of,  surface  of  water 

Stream,  mouth  of,  surface  of  water 

Shallow  Ford,  15  feet  east  of  river,  nail  in  side  of  birch  tree 

Surface  of  water 

Surface  of  water 

End  of  island,  surface  of  water 

Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Surface  of  water 


Backwater  of  Cherokee  dam,  1,500  feet  from,  at  small  rapids,  sur- 
face of  water 


Top  of  Cherokee  dam,  surface  of  water 

Foot  of  dam,  surface  of  water 

Cherokee  dam,  25  feet  southwest  of,  point  of  rock 

Surface  of  water 

Canewater  Ford,  surface  of  water 

Rocky  Branch,  mouth  of,  surface  of  water 

North  edge  of  river,  nail  in  side  of  birch  tree 

Small  rapids,  foot  of,  surface  of  water 

Stream,  mouth  of,  surface  of  water 

Brasstown  Creek,  mouth  of,  surface  of  water 

Island  Ford,  700  feet  east  of,  south  side  of  river,  point  on  rock 

Peachtree  Creek,  mouth  of,  surface  of  water 

Horseshoe  Ford,  surface  of  water 

South  side  of  ford,  nail  in  side  of  beech  tree 

20  feet  north  of  river,  north  side  of  road,  point  on  lock. 

Scott  Branch,  mouth  of,  surface  of  water 

Stream,  mouth  of,  surface  of  water 


Elevation 
in  feet. 


1,742 

1,749.19 

1,741 

1,741 

1,722 

1,712 

1,708 

1 ,  709.  84 

1,707 

1,700 

1,690 

1,685 

1,679 

1,673 

1,668 

1,667.14 

1,663 

1,659 

1,649 

1,642 

1,632 

1,629 

1,624 

1,625 

1,614 

1,616.59 

1,609 

1,606 

1,591.4 

1,594.79 

1,590 

1,586 

1,576 

1,566.56 

1,550 

1,549 

1,553.06 

1 ,  548.  70 

1,539 

1.529 
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Elevations  on  Hiwassee  River  from  Hiwasee,  Ga.,  to  Apalachia,  N.  C— Continued. 


Martin  Creek,  mouth  of,  surface  of  water 

Twin  beech  tree,  nail  in  root  of 

Stream,  mouth  of,  surface  of  water. - 

Murphy,  N.  C,  iron  bridge,  south  abutment,  point  on  rock 

Surface  of  water - 

Bridge  floor - 

High  water 

Valley  River,  mouth  of,  west  shore,  20  feet  north  of,  in  water,  point 
on  rock 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Laurel  Creek,  mouth  of,  surface  of  water 

Johnson  Ford,  8  feet  south  of  river,  nail  in  root  of  lurch  tree 

Surface  of  water 

High  water 

Hanging  Dog  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Nottely  River,  mouth  of,  surface  of  water 

On  land  projecting  between  the  two  rivers,  birch  tree,  nail  in  root  of 

Nottely  River,  mouth  of,  south  side  of,  willow  tree,  nail  in  root  of 

Small  rapids,  surface  of  water 

Beach  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Shallow  Ford,  40  feet  southwest   of  ford,  honey-bee  tree,  nail  in 
root  of 

Surface  of  water 

Grape  Creek,  mouth  of,  surface  of  water. 

Small  shoals,  head  of,  surface  of  water 

Small  shoals,  surface  of  water,  foot  of 

Surface  of  water 

Persimmon  ('reck,  mouth  of,  surface  of  water. 

Foot  of  large  shoals,  poinl  on  rock 

Surface  of  water 

Head  of  small  shoals,  surface  of  water 

Dennest  Creek,  mouth  of,  surface  of  water 

Point  on  rock 

Shoals,  surface  of  water 

Robertson  Ferry,  100  feet  below,  point  on  rock 

Surface  of  water 

Shoals,  surface  of  water 

Creek,  mouth  of,  surface  of  water 


Kirvation 
in  feet. 


1,520 

1,518.12 

1,513 

1,518.30 

1,512 

1,531.9 

1,529 

1,506.85 

1,506 

1,499 

1,491 

1,474 

1,471.95 

1,469 

1,481 

1,462 

1,459 

1,455 

1,459.40 

1,456.93 

1,448 

1,438 

1,425 

1,431.59 

1,418 

1,416 

1,415 

1,410 

1,406 

1 ,  391 

1,390.24 

1,381 

1,379 

1 ,  365 

1,363.58 

1,346 

1,344.23 

1,343 

1,340 

1,332 
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Elevations  on  Hiwassee  River  from  Iliwassee,  Ga.,  to  Apalachia,  N.  C. — Continued. 


Instance 

in  miles. 


50.6 
51.2 

51.2 

51.8 

52.5 

53 

53.9 

54.3 

54.3 

54.8 

55.2 

56.9 

57.9 

58.5 

58.5 

58.5 

58.6 

58.9 

59.7 

60.8 

61.1 

63 

64.2 

65 

65 

65.2 

65.2 

66.8 

66.8 
66.8 


Surface  of  water 

Chambers  Creek,  mouth  of,  surface  of  water 

20  feet  north  of  bank,  point  on  rock 

Opposite  island,  surface  of  water 

Beaverdam  Creek,  mouth  of,  surface  of  water 

Opposite  island,  surface  of  water 

Lared  Creek,  mouth  of,  surface  of  water 

Shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Surface  of  water 

Rapids,  surface  of  water 

Anderson  Creek,  mouth  of,  surface  of  water 

Surface  of  water  (15  feet  above  low  water) 

Shallow  Ford,  40  feet  south  of,  nail  in  root  of  gum 

Surface  of  water 

High  water 

Foot  of  small  shoals,  surface  of  water 

Shoals  Creek,  mouth  of,  surface  of  water 

Foot  of  small  rapids,  surface  of  water 

Stream,  south  of,  surface  of  water 

Cane  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Camp  Creek,  mouth  of,  surface  of  water 

Kilpatrick  Ferry,  12  feet  south  of,  willow  tree 

Surface  of  water 

Taylor  Ferry,  60  feet  northwest  of,  edge  of  bank,  point  on  large  rock. 

Surface  of  water I 

Apalachia,  N.  C,  Sular  Creek,  mouth  of ,  100  feet  from  post-office, 
5  feet  feet  north  of  bank  of  river,  triple  willow  tree ' 

Surface  of  water 

High  water 


Elevation 
in  feet. 

1 

329 

1 

324 

1 

327.  94 

1 

318 

1 

304 

1 

296 

1 

290 

1 

285 

1 

277 

1 

269 

1 

259 

1 

248 

1 

240 

1 

239.  67 

1 

234 

1 

241 

1 

227 

1 

227 

1 

218 

1 

198 

1 

195 

1 

178 

1 

175 

1 

175.  14 

1 

172 

1 

.169.  58 

1 

166 

1 

161.  58 

1 

158 

1 

168 

NOTTELY  RIVER  BELOW   BLAIRSVILLE,  GA. 

Nottely  River  was  surveyed  from  its  mouth,  3^  miles  below  Mur- 
phy, N.  C,  to  Blairsville  Bridge,  near  Blairsville,  Ga.,  a  distance  of 
38  miles.  In  that  distance  there  is  a  fall  of  314  feet.  A  line  of 
secondary  levels  was  run,  based  on  a  primary  bench  mark  of  the 
United  States  Geological  Survey  at  Hiwassee,  Ga.,  and  the  field 
sheets  were  plotted  on  a  scale  of  1 :  22,500.     During  the  course  of  the 
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survey  30  bench  marks  were  established  and  88  water-surface  eleva- 
tions obtained. 

One  mile  above  the  mouth  of  the  river  is  a  24-foot  shoal  1  mile 
long,  where  there  is  an  excellent  solid  rock  dam  site.  At  this  place 
a  dam  would  be  200  feet  long.  Three  and  one-fourth  miles  farther 
up,  at  Hall  Ford,  there  is  a  shoal  with  a  fall  of  33  feet  in  lj  miles, 
with  good  bottom  and  good  sides.     A  dam  would  be  about  350  feet 
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Fig.  15.— Profile  of  Nottely  River  below  Blairsville,  Ga. 


1,250 


0 


For  9  miles  above  this  point  the  bottoms  widen  and  are  culti- 
vated on  either  side  for  most  of  the  distance.  The  fall  in  this  sec- 
tion is  a  little  over  3  feet  per  mile. 

One  mile  below  Laudermilk  Ford  there  is  a  shoal  with  a  fall  of 
10  feet  in  three-fourths  of  a  mile  where  a  dam,  with  a  length  of  200 
feet,  could  be  built. 

At  Thompson  Bridge,  at  the  foot  of  a  46-foot  shoal,  3  miles  long, 
is  an  excellent  dam  site.  From  Weazel  Creek  to  Morgan  Ford,  5$ 
miles,  the  river  has  a  fall  of  40  feet,  and  there  are  two  or  three  suit- 
able sites  for  small  dams.  At  Watkins  Bridge  there  is  a  4-foot  dam 
using  all  the  available  power  to  operate  a  gristmill. 
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From  here  to  Blairsville  Bridge,  the  end  of  the  survey,  the  river 
s  very  much  smaller,  with  a  few  small  shoals,  which,  however,  do 
lot  seem  worth  developing. 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet 
narked  "  1892  Atlanta"  in  the  foundation  wall  at  northwest  corner 
)f  Union  County  court-house,  Blairsville,  Ga.,  the  elevation  of  which 
s  accepted  as  1,891.536  feet  above  mean  sea  level.  The  leveling  is 
id  justed  with  the  Hiwassee  River  flying  levels  to  accord  with  the 
L903  adjusted  elevation  of  primary  bench  marks  at  Blairsville  and 
Hiwassee. 

The  leveling  was  done,  under  the  direction  of  Carroll  Caldwell, 
field  assistant,  by  T.  B.  O'Hagan,  levelman. 

Elevations  on  Nottely  River  from  its  mouth  to  Blairsville,  Ga. 


Distance 
in  miles. 


0.0 

.0 
.3 
.3 


3 

.5 
.5 
.8 
.8 
2 

2.3 
2.4 
2.6 

2.9 
2.9 
2.9 
4.2. 
4.2 
4.9 
5.2 
5.4 
5.5 
5.5 
5.5 


Junction  of  Nottely  and  Hiwassee  rivers,  on  point  of  peninsular, 
nail  in  side  of  birch  tree 


Surface  of  water 

At  lower  ford,  surface  of  water 

Seventy-five  feet  north  of  lower  ford,  nail  in  root  of  hickory  tree. 

High-water  mark 

Upper  ford,  50  feet  south  of,  nail  in  root  of  oak  tree 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Deep  Ford,  25  feet  north  of,  nail  in  root  of  black  oak 

Surface  of  water 

Surface  of  water _ 

High  water 

Head  of  shoals,  surface  of  water 


Elevation 
in  feet. 


Surface  of  water,  rain  during  night  raised  1.3  feet  (lower  water 
surface,  1,492.67  feet) 


Hall  Bridge,  20  feet  west  of,  nail  in  side  of  apple  tree 

Surface  of  water 

High  water 

Davis  Ford,  20  feet  northwest  of,  nail  in  side  of  maple  tree 

Surface  of  water 

Surface  of  water,  on  rock 

Mouth  of  Coombs  Creek,  surface  of  water 

Surface  of  water 

Hall  Ford,  north  edge  of  river,  nail  in  side  of  water  birch  tree. 

Surface  of  water 

High  water. -----, 


1,459.40 

1,454.52 

1,459 

1,. 466. 77 

1,471 

L474.59 

1,467 

1,477 

1,472 

1,478 

1,487.56 

1,483 

1.489 

1,499 

1,491 

1,493 

1,500.20 

1,493 

1,503 

1,504.43 

1,499 

1,502 

1,505 

1,505 

1,513.02 

1,505 

1,521 


90  RIVER    SURVEYS    AND    PROFILES    OF   1903.  [no.  Ill 

Elevations  on  Nottely  River  from,  its  mouth  to  Blairsville,  Ga. — Continued. 


Distance 
in  miles. 


5.9 

6 

6.6 

6.9 

7 

7.1 

7.5 

8.6 

8.6 
8.9 

8.9 

9.6 

10.5 

10.9 

11.5 

11.5 

11.7 

12 

12 

12 

12.2 

12.9 

13.3 

13.3 

13.3 

14.2 

15.1 

15.4 

15.6 

16 

16.8 

16.8 
16.8 
17.2 
17.7 
17.8 
17.8 


Mouth  of  branch,  surface  of  water 

Surface  of  water 

Surface  of  water 

Opposite  island,  surface  of  water 

Mouth  of  Rocky  Branch,  surface  of  water 

Near  old  mill,  surface  of  water 

Surface  of  water 

Nottely  Bridge,  1,800  feet  north  of,  in  old  field  near  barn,  nail  in 
side  of  persimmon  tree 

Mouth  of  branch,  surface  of  water 

Nottely  Bridge,  100  foot  west  of,  5  feet  south  of  road,  nail  in  side  of 
black  oak  tree 

Surface  of  water 

Surface  of  water 

Mouth  of  Johnson  Branch,  surface  of  water 

Surface  of  water 

Jack  Creek,  900  feet  south  of.  in  bend  of  river.  600  feet  west  and 
600  feet  north  of,  in  cornfield,  nail  in  root  of  dead  peach  tree. .. 

Surface  of  water 

Surface  of  water 

Anderson  Bridge,  50  feet  west  of,  nail  in  side  of  sycamore  tree.... 

Surface  of  water 

High  water 

Surface  of  water 

Mouth  of  branch,  surface  of  water 

Ford  (has  no  name  1,20  feel  northeast  of,  nail  in  side  of  birch  stump. 

Surface  of  water 

High  water 

Surface  of  water 

Surface  of  water 

LaudermilkFord,  1.1  miles  below,  opposite  old  fish  dam.  50  feet  west 
of  river,  near  small  branch,  nail  in  root  of  black  oak  tree 

Surface  of  water 

Surface  of  water 

Laudermilk  Ford,  100  feet  southwest  of,  20  feel  north  of  road,  nail  | 
in  root  of  apple  tree 

Surface  of  water 

High  water 

Mouth  of  Butler  Creek,  surface  of  water 

Below  fish  dam,  surface  of  water 

Mouth  of  Moccasin  Creek,  surface  of  water 

Moccasin  Creek,  200  feet  south  of,  35  feet  east  of  river,  east  side  or 
road,  nail  in  root  of  red  oak  tree 
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Elevations  on  Nottely  River  from  its  mouth  to  Blairsville,  Ga. — Continued. 


18. 
18. 

18. 

18. 
18. 
19. 
19. 
20. 
20. 
20. 
21 
21. 

21. 
21. 
21. 
21. 
22. 
23 
23. 
23. 
23. 

24. 
24. 
24. 
25 
25. 
25. 
25. 
25. 
26. 
26. 

26. 
26. 
26. 
26. 
27. 
27. 
27. 
27. 


Mouth  of  branch,  surface  of  water 

Mouth  of  Dooley  Creek,  surface  of  water 

Thompson  Bridge, 250  feet  south  of,  100  feet  southeast  of  road,  nail 
in  root  of  red-oak  tree 

Surface  of  water 

High  water 

Surface  of  water 

In  shoals,  surface  of  water 

Above  fish  dam,  surface  of  water 

Head  of  fish  dam,  surface  of  water 

Foot  of  island,  in  shoals,  surface  of  water 

Surface  of  water 


Chapman  Ford,  150  feet  north  of,  2  feet  east  of  road,  nail  in  root  of 
walnut  tree 


Surface  of  water 

High  water 

Just  below  fish  dam,  surface  of  water 

Mouth  of  Camp  Creek,  surface  of  water. . 

Above  shoals,  surface  of  water 

Mouth  of  Weasel  Creek,  surface  of  water. 

Mouth  of  branch,  surface  of  water 

In  shoals,  surface  of  water 


Chamber  Ford,  0.4  mile  northeast  of,  northwest  side  of  river,  point 
on  edge  of  rock 


Chamber  Ford,  200  feet  west  of,  nail  in  root  of  wTalnut  tree. 

Surface  of  water 

High  water 

Above  small  shoals,  surface  of  water 

Chastain  Ford,  50  feet  west  of,  nail  in  side  of  walnut  tree. . . 

Surface  of  water 

Foot  of  large  shoals,  surface  of  water 

Mouth  of  Ivylog  Creek,  head  of  shoals,  surface  of  water 

Near  house,  surface  of  water 


2 
2 
2 

2 
2 
5 
8 
3 
6 

6     Surface  of  water. 

Meadow  Ford,  15  feet  north  of,  nail  in  root  of  beech  tree. 

Surface  of  water 

High  water 

3     Huggins  Ford,  25  feet  north  of,  corn  bean  tree,  nail  in  side  of. 

3     Surface  of  water. 

5     Shoals,  surface  of  water. 

Surface  of  water 

irr  115—05 7 


Majners  Ford,  75  feet  west  of,  on  edge  of  bank,  nail  in  side  of  corn- 
bean  tree 


Elevation 
in  feet. 


1,591 
1,591 

1,611.01 

1,592 

1,  60r.  53 

1,599 

1,611 

1,617 

1,619 

1,624 

1,630 

1,645.81 

1,634 

1,644 

1,638 

1,639 

1,652 

1,655 

1,656 

1,657 

1,675.88 

1,671.49 

1,661 

1,678 

1,669 

1,683.45 

1,669 

1,675 

1,680 

1,685 

1,690.8 

1,687 

1,699.17 

1,689 

1,703 

1,707.82 

1,692 

1,694 

1,698 
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Elevations  on  Nottely  River  from  its  month  to  Blairsville,  Ga—  Continued. 


Distance 
in  miles. 

27.9 

28.4 

28.  4 

29 

29 

29.1 

29.  4 

30 

30.3 

30.  3 

30.8 

31.1 

31.4 

31.4 

31.5 

31.9 

31.9 

31.9 

32.2 

33 

33.  6 

33.6 

33.6 

33.6 

34.5 

34.5 

35 

35.  9 

35.  9 

35.9 

37.2 

Above  shoals,  surface  of  water. 

Morgan  Ford,  40  feet  north  of,  red-oak  tier 

Surface  of  water. . 

Mouth  of  Young  Cane  Creek,  surface  of  water 

Mouth  of  Castile  Creek,  surface  of  water 

Castile  Creek,  1,600  feet  above,  on  rock,  edge  of  river,  point  on  rock. 

Above  rapids,  surface  of  water 

Above  fish  dam,  surface  of  water 

McBee  Ford,  60  feet  north  of,  nail  in  side  of  red  oak 

Surface  of  water - 

Above  branch,  surface  of  water 

Mouth  of  Reeee  Creek,  surface  of  water 

Youngs  Ford,  NO  tec  t  southwest  of.  red-oak  tree 

Surface  of  water 

Millburn  Creek,  just  below,  surface  of  water 

At  canal,  surface  of  water  at  foot  of , 

Head  of  canal,  surface  of  water 

Canal  cut,  50  feet  northeast  of  river,  15  feet  southwest  of  ford,  nail 
in  root  of  red-oak  tree  (cut  has  a  drop  of  3.6  feet) 

Above  small  rapids,  surface  of  water 

Mouth  of  creek,  surface  of  water 

Watkins  Bridge.  375  feet  above,  north  edge  of  river,  point  on  rock  . . 

Surface'  of  water , 

Jarrett  milldam,foot  of,  surface  of  water 

Jarretl  milldam,  head  of,  surface  of  water  (Jarretl   milldam  has  a 
drop  of  3.79  feet) 

Reeds  Ford,  150  feet  east  of,  nail  in  root  of  walnut  tree 

Surface  of  water 

Above  small  rapids,  surface  of  water 

Blairsville  Bridge,  100  feel  southeast  of,  mouth  of  Butternut  Creek, 
15  feet  north  of,  nail  in  side  of  red-oak  t  ree 

Surface  of  water 

High  water 

Blairsville  court-house,  Union  County,  (la.,  in  wall  on  west  side  of 


Elevation 

in  feet. 


>0 


building,  bronze  tablet. 


1,698 

1.711 
1,702 

1,000 

1.700 

1,714 

1.715 

1,718 

1.731.37 

1,721 

1,723 

1 .  72  I 

1,741.02 

1,727 

1 ,  730 

1,732 

1 ,  735 

1,711.26 

1,739 

1,743 

1 ,  747.  54 

1,747 

1,748 

1,752 
1 ,  766.  24 
1 ,  755 
1 ,  760 

1 ,  775.  94 

1,769 

1,783 

1,891.536 


TOCCOA    RIVER   BELOW   DIAL,  GA. 

Toccoa  River  was  surveyed  from  Butts  Bridge,  3  miles  east  of  Dial 
Ga.,  to  the  Tennessee  State  line,  near  McCays,  Tenn.     In  the  36  miles 
surveyed  there  is  a  fall  of  414  feet.     A  line  of  secondary  levels  was  run, 
based  on  the  primary  bench  mark  of  the  United  States  Geological 
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Survey,  three-fourths  of  a  mile  northeast  of  Butts  Bridge.  The  field 
sheets  were  plotted  on  the  scale  of  1 :  22,500,  and  during  the  course  of 
this  survey  27  bench  marks  were  established  and  94  water-surface 
elevations  were  obtained. 

Toccoa  River  flows  in  a  northwesterly  direction,  and  after  crossing 
the  Tennessee  State  line  is  known  as  Ocoee  River.  Between  Pigeon 
Creek  and  Dial  Bridge  there  is  a  shoal,  with  a  fall  of  21  feet  in  1|  miles. 
There  are  good  foundations  for  a  dam  250  feet  long. 

From  upper  Big  Creek  to  Shallow  Ford,  3  miles,  there  is  a  fall  of  55 
♦feet  in  an  almost  continuous  shoal.  There  are  several  available  power 
sites,  and  building  material  is  easily  accessible.     From  Shallow  Ford 
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-Profile  of  Toccoa  River  below  Dial,  Ga. 


to  Wilscot  Creek,  Ih  miles,  the  river  has  an  average  fall  of  18  feet  per 
mile.  There  are  several  excellent  sites  where  there  is  hard  rock  on 
either  side. 

From  Wilscot  Creek  to  Charlie  Creek  there  is  an  average  fall  of  14 
feet  per  mile,  with  several  fine  shoals  having  steep  hills  and  good  hard 
bottom. 

Eleven  miles  down  the  river,  at  Galloway,  Ga.,  there  is  a  shoal  with 
a  fall  of  10  feet  in  half  a  mile.  This  would  be  a  good  site  for  a  small  dam. 
From  one-half  mile  below  Galloway  to  McCays,  Tenn.,  6  miles,  the 
river  has  a  fall  of  60  feet,  with  several  good  power  sites. 
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The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  building 
at  Atlanta,  marked  "1050  MC,"  the  elevation  of  which  is  now 
accepted  as  1,049.546  feet  above  mean  sea  level.  They  accord  with 
the  1903  adjusted  elevations  of  primary  bench  marks  near  Morganton 
and  Shallow  Ford.  The  section  from  Shallow  Ford  to  McCays  Ferry 
is  a  single  spur  line. 

The  leveling  was  done  under  the  direction  of  Carroll  Caldwell,  field 
assistant,  by  T.  B.  O'Hagan,  levelman. 

Elevations  on  Toccoa  River  from  Butts  Bridge,  Georgia,  to  Tennessee  State  line. 


Distance 
in  miles. 


Elevation 
in  feet. 


0.0 

1.5 
1.5 
1.5 

2 

2 

2.3 

2.5 

2.9 

3.1 

3.1 

3.1 

4 

4 

4.2 

4.2 

4.7 

5.1 

5.2 

5.2 

5.2 

5.7 

5.9 

6.1 

6.4 

6.4 

7 

7.1 


Morganton  (3  miles  east  of  Dial),  forks  of  Morganton  and  Ellijay 
road,  in  large  marble  rock,  copper  bolt  marked  ' '  1981 " 


Butts  Bridge,  surface  of  water 

Butts  Bridge,  east  side  of,  nail  in  top  of  abutment 

High-water  mark 

Pigeon  Creek,  550  feet  east  of,  north  side  of  road,  60  feet  north  of 
river,  point  on  rock 

Mouth  of  Pigeon  Creek,  surface  of  water 

Between  rapids,  surface  of  water. 

Foot  of  shoals,  surface  of  water. 


Mouth  of  Weeks  Creek,  foot  of  rapids,  surface  of  water 

Dial  post-office,  Van  Zant's  bridge,  100  feet   north  of ,  east  side  of 
road,  nail  in  root  of  red-oak  tree i 


Surface  of  water 

High-water  mark 

Mouth  of  Noontootly  Creek,  surface  of  water. .. 

Mouth  of  branch,  surface  of  water 

Rogers  Ford,  50  feet  west  of,  nail  in  root  of  tree. 

Surface  of  water 

Surface  of  water 

In  rapids,  surface  of  water 


Big  Creek  Ford,  225  feet  southeast  of,  50  feet  south  of  river,  nail  in 
root  of  white-oak  tree 

Surface  of  water 

In  rapids,  surface  of  water. 

Above  rapids,  surface  of  water 

Below  fish  dam,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Surface  of  water 

Surface  of  water 


Shallow  Ford,  1  mile  north  of.  north  side  of  road,  in  large  rock,  cop- 
per bolt  marked  ' '  1859  " 


1,947.821 
1,858 
1,874.25 
1,870 

1,858.35 

1,849 

1,845 

1,840 

1,830 

1,844.68 

1,828 

1,851 

1,823 

1,821 

1,825.14 

1,820 

1,815 

1,813 

1,817.74 

1,810 

1,809 

1,802 

1,799 

1,795 

1,791 

1,790 

1,782 

1,826.439 
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Elevations  on  Toccoa  River  from  Butts  Bridge,  Georgia,  to  Tennessee  State  line — Continued. 


Distance 
in  miles. 


7.1 
7.6 
8.1 
8.1 
8.1 
8.3 
8.6 
8.8 
9.1 
9.3 
9.5 
9.9 

10 

10.2 

10.2 

10.2 

10.7 

11 

11.2 

11.5 

11.6 

11.8 

11.8 

11.9 

12 

12.9 

13.3 

13.4 

13.4 

14 

14.6 

14.6 

14.7 

15.2 

15.4 

15.8 

16 

16.8 


Single  /lying  level  spur  line  to  Mc  Cays  Ferry. 

Below  rapids,  surface  of  water 

In  rapids,  surface  of  water 

Shallow  Ford,  100  feet  north  of,  nail  in  root  of  red-oak  tree 

Surface  of  water 

High-water  mark 

In  rapids,  surface  of  water 

Surface  of  water 

Mouth  of  Stanley  Creek,  surface  of  water 

Rapids,  surface  of  water 

Mouth  of  stream,  surface  of  water. 

Below  rapids,  surface  of  water. 

Stanley  Creek,  1  mile  northwest  of,  opposite  island  north  side  of 
river,  point  on  rock 

In  rapids,  surface  of  water 

Opposite  falls  in  river,  50  feet  north  of  first  falls,  point  or  large  rock. . 

Head  of  falls,  surface  of  water 

Foot  of  falls,  surface  of  water 

Mouth  of  branch,  surface  of  water 

Below  rapids,  surface  of  water 

Mouth  at  Flat  Creek,  surface  of  water 

In  rapids,  surface  of  water _  _ _ 

Surface  of  water 

Head  of  long  shoals,  surface  of  water , 

Rock  cliff,  south  side  of  river,  opposite  large  shoals,  point  in  side  of  . 

Head  of  island,  in  shoals,  surface  of  water 

Foot  of  island,  in  shoals,  surface  of  water 1 

In  shoals,  surface  of  water 

Foot  of  large  shoals,  surface  of  water 

Below  rapids,  head  of  more  shoals,  surface  of  water 

In  rapids,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Mouth  of  Persimmon  Creek,  surface  of  water 

Persimmon  Creek,  300  feet  east  of,  west  side  of  river,  nail  in  root  of 
large  dead  stump 

Below  fish  dam,  surface  of  water 

Mouth  of  stream,  surface  of  water 

Mouth  of  Wilscot  Creek,  surface  of  water 

In  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

In  rapids,  surface  of  water 


Elevation 
in  feet. 

1 

779 

1 

769 

1 

774.  93 

1 

763 

1 

774 

1 

758 

1 

755 

1 

752 

1 

747 

1 

743 

1 

738 

1 

738.  77 

1 

729 

1 

744.  02 

1 

728 

1 

719 

1 

717 

1 

709 

1 

705 

1 

691 

1 

690 

1 

689 

1 

692. 11 

1 

679 

1 

677 

1 

665 

1 

659 

1 

656 

1 

646 

1 

640 

1 

633 

1 

638.  06 

1 

629 

1 

624 

1 

624 

1 

616 

1 

609 

1 

602 
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Elevations  on  Toccoa  River  from  Butts  Bridge,  Georgia,  to  Tennessee  State  line— Continued,    j 


Distance 
in  miles. 


16.9 

17.1 

17.3 

17.3 

17.6 

18.2 

18.3 

18.8 

19 

19.6 

20 

20 

20 

20 

21.5 

21.6 

22 

22.4 

22.4 

22.9 

23.5 

23.6 

23.9 

23.9 

25.2 

25.  5 

25.  5 
25.  5 

26.6 
26.8 

26.8 

28 
28.8 

28.8 
29.6 
30 


Single  flying  level  spur  line  to  McCays  Ferry— Continued. 

Wilscot  Creek,  1.5  miles  northwest  of,  rock  cliff,  18  feet  north  of 
river,  point  on  very  large  rock 

In  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Tarpley  Ford,  surface  of  water 

Tarpley  Ford,  20  feet  west  of,  nail  in  root  of  beech  tree 

In  rapids,  surface  of  water 

Mouth  of  creek,  surface  of  water 

Surface  of  water 

Mouth  of  creek,  surface  of  water 

Mouth  of  Bullfrog  Creek,  surface  of  water 

Surface  of  water 

Mouth  of  Charlie  Creek,  surface  of  water 

Lovingood  Ford,  300  feet  northeast  of,  nail  in  side  of  walnut  tree  . . 

Surface  of  water 

High-water  mark 

Mouth  of  Star  Creek,  surface  of  water 

Below  fish  dam,  surface  of  water 

Mouth  of  Rogers  Branch,  surface  of  water 

Toccoa  Bridge,  surface  of  water 

Toccoa  Bridge,  10  feet  east  of,  nail  in  root  of  beech  t  ree 

Mouth  of  spring  stream,  surface  of  water 

Below  small  rapids,  surface  of  water 

Mouth  of  Weavers  Creek,  surface  of  water 

At  Benchlog  Ford,  surface  of  water 

Benchlog  Ford,  20  feet  northeast  of.  nail  in  side  of  beech  tree 

Large  bend  in  river,  surface  of  water 

Atlanta,  Knoxville  and  Northern  Railroad  bridge,  cast  side  of  bridge 
abutment,  point  on  rock 

Surface  of  water 

High-water  mark 

Mouth  of  branch,  surface  of  water 


Elevation 
in  feet. 


Harts  Ford,  100  feet  west  of,  stump  on  edge  of  bank  at  canoe  land- 
ing, nail  in  side  of 


Surface  of  water 

Surface  of  water 

Bakers  Ford,  100  feet  southeast  of,  on  edge  of  bank,  nail  in  side  of 
birch  tree 

Surface  of  water 

Surface  of  water 

Bend  of  river,  surface  of  water 


1,608.96 

1,600 

1,596 

1,593 

1,598.30 

1,589 

1,576 

1,571 

1,568 

1,565 

1,559 

1,555 

1,564.61 

1,554 

1,569 

1,550 

1,548 

1,547 

1,546 

1,557.64 

1,540 

1,539 

1,538 

1,538 

1,543.4* 

1,528 

1 ,  536.  79 
1,520 
1,541 
1,519 

1,521.90 

1,516 

1,510 

1,515 
1,507 
1,504 
1 ,  502 
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Elevations  on  Toccoa  River  from  Butts  Bridge,  Georgia,  to  Tennessee  State  line — Continued. 


Distance 
in  miles. 

30.2 

30.9 

30.9 

31.2 

31.5 

32.1 

32.1 

32.  5 

32.8 

33.7 

34 

34.5 

34.6 

34.6 

35 

35.4 

35.8 

35.8 

36.1 

36.  3 

36.  3 

37.5 

37.5 

37.  5 

37.  5 

Elevation 
in  feet. 


Single  flging  level  spur  line  to  McCays  Ferry  —Continued. 

Surface  of  water 1,  498 

Mouth  of  Sugar  Creek,  surface  of  water 1 ,  494 

Sugar  Creek  railroad  bridge  abutment,  point  in  center  of  east  side 

of  bridge 1 ,  508.  32 

Below  Galloway  Ford,  surface  of  water 1,  592 

In  shoals,  surface,  of  water 1 ,  589 

200  feet  northwest  of  ford,  4  feet  southeast  of  Atlanta,  Knoxville 

and  Northern  Railroad  track,  nail  in  side  of  peach  tree 1,  562.  69 

Surface  of  water 1 ,  484 

Canoe  Landing,  surface  of  water 1,  479 

Hothouse  Creek,  mouth  of,  surface  of  water 1,  476 

Foot  of  small  shoals,  near  island,  surface  of  water 1 ,  467 

Mouth  of  Barker  Creek,  surface  of  water 1 ,  464 

Kyle  post-office,  600  feet  east  of,  Atlanta,  Knoxville  and  Northern 

Railroad  bridge  over  Barker  Creek,  on  southeast  end  of,  end  bolt. .  1,  482.  43 

Kyle  post-office,  40  feet  south  of,  in  front  of  Queen  Brothers'  store, 

pile  supporting  platform,  nail  in  top  of 1 ,  483.  62 

Kyle  ford,  surface  of  water 1 ,  463 

Below  rapids,  surface  of  water 1 ,  458 

Mouth  of  Wolf  Creek,  surface  of  water 1 ,  455 

Atlanta,  Knoxville  and  Northern  Railroad  bridge  over  Ocoee  River, 

east  side  of  bridge,  point  on  abutment 1,  471.  98 

Surface  of  water 1 ,  452 

In  bend  of  river,  surface  of  water , 1 ,  450 

Dillbeck  Ford,  north  edge  of  river,  nail  in  side  of  dead  birch  tree 1,  451 .  87 

Surface  of  water 1 ,  447 

McCays  post-office,  Polk  County,  Tenn.,  rock  supporting  southwest 

corner  of,  point  on 1 ,  468.  07 

McCays  Ferry,  north  side  of  river,  pile  supporting  swinging  bridge, 

cartridge  shell  in  top  of 1 ,  460.  15 

R  igh-water  mark 1 ,  469 

Surface  of  water 1 ,  444 


CHIPPEWA    RIVER    FROM    REEDS    LANDING,    MINNESOTA,    TO 

FLAMBEAU,  WIS. 

Between  April  15  and  June  12,  1903,  J.  R.  Ellis,  field  assistant, 
ran  a  careful  double-rodded  primary-level  line  along  the  Chippewa 
River  from  Reeds  Landing,  Minnesota,  to  Chippewa  Falls,  Wis.  This 
work  was  under  the  general  direction  of  J.  H.  Renshawe,  geographer 
in  charge  of  the  central  section  of  topography.  Later  in  the  year  it 
was  decided  to  continue  this  work  above  Chippewa  Falls,  and  on 
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September  1  the  central  and  eastern  sections  having  united  as  the 
eastern  section  of  topography,  H.  M.  Wilson,  geographer  in  charge, 
assigned  F.  T.  Fitch,  field  assistant,  to  this  work.  Between  that 
date  and  October  4  Mr.  Fitch  ran  a  line  of  flying  levels  accompanied 
by  a  plane-table  stadia  traverse  and  topographic  sketching  from 
Chippewa  Falls  to  Flambeau,  Wis. 


E  n  i  o  n 

s  u  *    *W  0 


Fig.  17.— Map  showing  location  of  surveys  in  Wisconsin. 

This  level  work  is  based  on  a  bench  mark  of  the  Mississippi  River 
Commission  at  Reeds  Landing,  and  the  distances  were  obtained 
by  pacing.  No  plane-table  survey  of  the  river  was  undertaken. 
In  this  section,  64  miles  in  length,  there  is  a  fall  of  135  feet.  Eleven 
bench-mark  tablets  and  70  temporary  bench  marks  were  established, 
and  72  water-surface  elevations  were  determined. 

While  the  survey  was  being  made  the  stage  of  the  river  fluctuated 
greatly,  owing    to  rains  and    to    alternate    flooding    and    stoppage 


HAI 
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6f  the  stream  by  various  lumber  companies.  This  diversion  of  the 
water  is  the  cause  of  much  complaint  by  the  various  mill  owners, 
many  of  whom  want  a  system  of  reservoirs  constructed  near  the 
headwaters  to  regulate  the  water  supply. 

Owing  to  the  slight  fall,  the  width  of  the  stream,  and  the  wide 
bottom  lands,  there  are  no  opportunities  for  power  development 
upon  the  Chippewa  above  Reeds  Landing  until  the  city  of  Eau  Claire 
is  reached. 

On  Eau  Claire  River,  a  few  hundred  feet  above  its  junction  with 
the  Chippewa  at  Eau  Claire,  is  a  13-foot  dam  300  feet  long,  which 
furnishes  power  for  a  linen  mill.  A  few  miles  above  the  city  of 
Eau  Claire  on  Chippewa  River  the  Dells  Paper  Company  has  a  20- 
foot  dam  which  might  be  raised  3  or  4  feet  by  the  use  of  flashboards. 
There  are  no  power  sites  on  Chippewa  River  until  the  city  of  Chip- 
pewa Falls  is  reached,  but  there  are  good  prospects  of  developing 
power  on  several  of  the  tributaries  between  these  cities. 

From  Chippewa  Falls  to  Flambeau  the  stadia  survey  of  the  river 
and  adjacent  banks  was  plotted  on  a  scale  of  1:22,500.  In  this 
distance,  43  miles,  there  is  a  total  fall  of  244  feet.  Seven  bench 
marks  were  established  and  40  water-surface  elevations  were  deter- 
mined. 

At  Chippewa  Falls  a  wooden  13-foot  dam,  owned  by  the  Chippewa 
Falls  Lumber  and  Boom  Company,  increases  the  head  to  30  feet  and 
supplies  power  for  a  large  sawmill,  and  an  electric  plant  which  furnishes 
the  city  of  Chippewa  Falls  with  water  and  light.  This  dam  could 
be  made  higher,  as  the  local  conditions  are  favorable,  but  this  would 
interfere  with  a  proposed  plant  at  Paint  Creek  Rapids,  2\  miles  up- 
stream, to  wrhich  point  the  water  now  backs  up.  Here  there  was 
formerly  a  flooding  dam,  but  a  freshet  cut  a  channel  around  it  to 
the  north,  and  the  dam  has  since  been  torn  out.  A  14-foot  dam 
could  be  constructed  at  the  foot  of  the  rapids  where  the  banks  and 
bed  of  the  river  are  sand  intermingled  with  large  bowlders.  Abund- 
ant stone  for  construction  is  near  at  hand. 

At  Eagle  Rapids,  4^  miles  upstream,  is  a  good  site  for  a  dam. 
A  dam  here  was  torn  out.  A  20-foot  dam  would  back  water  three- 
fourths  of  a  mile  above  the  city  of  Chippewa,  where  O' Neils  Creek 
enters  from  the  west.  One  mile  above  O' Neils  Creek  is  a  gorge 
700  feet  wide.  A  25-foot  dam  would  have  solid  sandstone  for 
foundation  and  abutments  and  would  back  water  almost  to  the 
foot  of  Jim  Falls,  5  miles  above.  At  the  small  village  of  Jim  Falls, 
near  the  site  of  an  old  flooding  dam,  is  the  best  opportunity  for  power 
development  on  the  river.  This  point  is  now  under  development, 
the  company  having  purchased  all  the  land  needed  as  well  as  the 
water  rights.  The  river  flows  over  a  series  of  granite  ledges  from 
1  to  4  feet  high,  while  the  banks  seem  to  be  solid  rock  covered  by  a 
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few  feet  of  sandy  soil.  The  proposed  dam  will  be  28  feet  high  and 
will  be  located  at  the  head  of  the  rapids.  It  will  furnish  power  for  a 
pulp  mill.  The  dam  will  back  water  nearly  to  Brunne  Falls,  9| 
miles,  and  covers  the  Colton  and  Che  valley  rapids.  The  head 
obtained  by  this  dam  will  be  55  feet. 

At  Brunne  Falls  the  best  location  for  a  dam  would  be  at  the  main 
fall,  about  650  feet  above  the  foot  of  the  rapids,  where  a  35-foot  dam 
would  back  the  water  up  to  the  rapids  at  Holcombe,  r>\  miles.  The 
river  at  the  falls  is  very  narrow,  and  at  the  point  mentioned  the  banks 
are  ledges  of  rock.  A  rocky  island  in  the  river  would  help  in  the 
construction  a  good  deal. 

At  Holcombe  the  Chippewa  Falls  Lumber  and  Boom  Company 
has  an  old  dam  with  a  head  of  about  17  feet.  This  is  the  third  dam 
they  have  built  there,  the  others  having  been  washed  out  by  freshets. 
As  the  lumber  interests  in  this  locality  are  declining,  the  present 
dam  is  being  allowed  to  decay,  and  could  be  replaced  with  a  more 
substantial  structure  for  power  purposes.  The  river  hen1  has  a  rock 
bottom  and  rather  low,  clay  sides,  and  an  18-foot  dam  could  be 
constructed  on  the  site  of  the  present  structure,  which,  together 
with  a  15-foot  dam  at  the  foot  of  the  rapids,  would  not  destroy  any 
more  valuable  bottom  lands  above.  This  would  back  the  water  up 
for  more  than  a  mile  above  Deer  Tail  Creek  and  furnish  con- 
siderable storage.  From  here  to  Flambeau,  the  end  of  the  survey, 
there  are  no  rapids  of  any  consequence. 

There  are  two  railway  bridges  and  a  highway  bridge  across  the 
river  at  Chippewa  Falls  and  another  road  bridge  just  below  Eagle 
Rapids.  There  are  but  few  boats  on  the  river,  as  during  the  log- 
driving  season  boats  would  be  crushed. 

The  lumbering  operations,  which  are  on  the  decline,  are  controlled 
by  the  Chippewa  Falls  Lumber  and  Boom  Company,  with  head- 
quarters at  Chippewa  Falls,  a  thriving  city  of  about  10,000  popula- 
tion, where  there  are  a  number  of  factories  and  mills.  About  ten 
miles  above  is  the  city  of  Chippewa,  at  one  time  the  most  promising 
town  in  the  neighborhood,  but  now  little  more  than  a  hamlet.  At 
Jim  Falls  there  is  a  village,  but  Holcombe  is  the  only  town  of  any 
importance  above  Chippewa  Falls.  Several  railroad  lines  are  being 
built  in  this  section,  and  the  agricultural  and  manufacturing  interests 
are  supplanting  the  lumber  industry,  while  the  land  is  generally 
taken  up  by  settlers  wherever  the  lumber  has  been  cut,  so  that  no 
second-growth  timber  is  coming  up.  The  whole  community  seems 
very  prosperous,  while  numerous  companies  are  on  the  point  of 
investing  capital  in  the  manufacturing  interests  in  the  neighbor- 
hood. 

The  elevations  of  water  surfaces  of  the  river  are  dependent  on 
the  following  table  of  daily  gage   readings   by  the   Chippewa  Falls 
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Lumber  and  Boom  Company  from  a  gage  on  the  highway  bridge  at 
Chippewa  Falls.  The  elevation  of  the  zero  of  gage  is  804.8  feet 
above  sea  level.  The  gage  height  of  the  highest  water  known  had 
an  elevation  of  831.4  feet  above  sea  level. 

Gage  height  o]  Chippewa  River  at  Chippewa  Falls. 


Date. 

Height. 

Date.              Height. 

May  1     

Ft.      In. 
8  10 
8   6 
8   0 
8   0 
7   9 
7   3 
6   8 
5   6 

j  June  6 

Ft.      In. 
3  10 

2 

7 

2   2 

3  

8 

2   6 

4               

9 

3   0 

5             

10 

2   9 

6 

11 

2   6 

7 

12 i     2   6 

8 

13 2   2 

9  

14 ! 

10            

15 !     1   6 

11           

5   6 

8  9 

9  6 
9   6 
9   1 
8   1 

16 

1   6 

12        

17 

1   6 

13       

18 

19 

20 

21 

1   3 

14 . 

0   6 

15 

2   6 

1G 

17 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1   0 

18 

6   3 
5   8 
5   2 
5   3 
5   8 
5   3 

1   3 

19 

1   0 

20     

0   9 

21 

0   9 

22 

0   9 

23 

24. 

1   6 

25 

5  9 

6  4 
8   8 

11  0 

12  5 
11   8 
10   3 

8   8 

7  10 
6   6 
5   9 
4   9 

1  10 

26 

July  1 

3   8 

27 

2 

4  10 

28 

3 

.  5   7 

29 

4 

9   6 

30... 

5 

10   6 

31 

6 

10   3 

June  1 

7 

9   0 

2 

8 

7   9 

3 

9 

6   9 

4... 

10 

11 

5   1 

5 

6   0 
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Gage  height  of  Chippewa  River  at  Chippewa  Falls— Continued. 


Date. 


July  12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Aug.    1 . 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 


Height. 


Ft.      In. 


0 
4 
6 
3 
3 
3 
0 
0 
10 
6 
3 
3 
3 
0 

6 
9 
6 
4 
0 
3 
6 
0 
9 
6 
3 
3 
9 
6 
10 
8 
0 
3 
2 
6 

0 
6 
0 
6 
6 


Date. 


Aug.  22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Sept.  1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

Oct.    1. 
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Gage  height  of  Chippewa  River  at 

Chippewa  Falls — Continued. 

Date. 

Height. 

Date. 

Height. 

ct.   2 

Ft.      In. 
3       3 
3       G 
5      9 

Oct.    5 

6 

7 

Ft.  In. 
7     10 

3 

4 

8  1 
8      0 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet, 
larked  "797  E.  C,"  at  southwest  corner  of  the  court-house  at  Eau 
'laire,  Wis.,  the  elevation  of  which  is  accepted  as  797.473  feet  above 
lean  sea  level.  The  initial  point  upon  which  these  levels  depend  is 
ench  mark  "Bottom,"  of  the  Missouri  River  Commission,  opposite 
Leeds  Landing,  Minnesota,  the  elevation  of  which  is  accepted  as 
72.355  feet  above  mean  sea  level.  These  elevations  accord  with 
be  1903  adjustment  of  the  precise-level  net. 

Permanent  bench  marks  dependent  on  this  datum  are  marked  with 
tie  letters  "  E.  C."  in  addition  to  the  figures  of  elevation. 
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Fig.  18.  Profile  of  Chippewa  River  from  Reeds  Landing,  Minnesota,  to  Flambeau,  Wis. 
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levations  on  Chippewa  River  from  Reeds  Landing,  Minnesota,  along  Chicago,  Milwaukee 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  Wis. 


)istance 
a  miles. 


0.0 


Reeds  Landing,  Minnesota  (Miss.  River  Commission  bench  mark 
'Bottom"),  tile  and  iron  pipe  in  low  flat  ground,  opposite,  220 
meters  from  left  bank  of  river,  in  property  of  Mrs.  C.  S.  Richards, 
45  meters  west  of  Chicago,  Milwaukee  and  St.  Paul  Railroad  trestle 
to  bridge,  205  meters  southwest  of  end  of  trestle  and  small  pond. . 


Elevation 
in  feet. 


672. 355 
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Elevations  on  Chippewa  River  from  Reeds  Landing,  Minnesota,  along  Chicago,   Milwaukee 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  Wis.— Continued. 


High  water  in  back  water  of  slough • 

Trevin's,  at  grade  crossing  Burlington  and  Chicago,  Milwaukee  and 
St.  Paul  railroads,  top  of  rail -  -  - 

15  feet  northwest  of  intersection  of  grade  crossing,  spike  in  telegraph 
pole 


15  feet  northwest  of  end  of  trestle,  nail  in  top  cf  fence  post 

Lone  narrow  island,  lower  end  of,  left  bank  of  river,  birch  tree,  nail 
in  root  of 

High  water 

Private  road  crossing,  top  of  rail 

Government  dam,  300  feet  below,  opposite  north  end  of  small  island, 
left  bank  of  river,  water  maple,  nail  on  notch 

High  water 


300  feet  north  of  rapids,  high  water 

Wancuda  Island,  0.25  mile  below  north  end  of,  left  bank  of  river, 
notch  cut  on  elm  tree,  nail  in 

North  end  of  Government  dam,  100  feet  below,  left  channel,  surface 
of  water 

165  feet  east  of  river,  water  maple  tree,  notch  cut  in 

Surface  of  water 


Near  north  corner  of  C.  W.  Knight's  yard,  in  top  of  limestone  8  by 
10  by  26  inches,  set  25  inches  in  ground,  bronze  tablet  marked 
"  682  E.  C. " 


Opposite  trestle  32  H,  surface  of  water 

Old  Battle  Slough  station,  in  west  side  of  switch  stand,  spike 

Surface  of  water  (river  about  1  foot  above  ordinary  stage ) 

Bridge  No.  38  M,  50  feet  south  of,  west  side  of  dump,  cross  on  stone. . 

Bridge  No.  42  M,  private  road  crossing  south  of,  top  of  rail 

Bridge  No.  50  M,  at  south  end  of,  east  side  of  track,  nail  in  cross  cut 
in  cap 

Surface  of  water 

Private  crossing,  top  of  rail , 

Surface  of  water 

Second  telegraph  pole  north  of  slough,  spike  in 

Elm  tree  on  left  bank  of  river,  nail  in  notch  cut  in 

Surface  of  water  (1.9  feet  higher  than  stage  observed  nearer  mouth) . 

Trestle  No.  60  M,  top  of  rail 

Surface  of  water 

Maxwell  station,  surface  of  water 


Maxwell,  180  feet  southwest  of  platform,  in  sandstone  post  8  by  12 
by  80  inches,  set  27  inches  in  ground,  bronze  tablet  marked 
'691  E.  C." 


Trestle  No.  66  M,  Little  Belf  Slough,  surface  of  water. 
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Eh  rations  on  Chippewa  River  from  Reeds  Landing,  Minnesota,  along  Chicago,  Milwaukee 
and  St.  Paid  Railroad,  to  Chippewa  Falls,  Wis. — Continued. 


Distance 
in  miles. 


10.6 

10.6 
11.4 

11.9 

12.3 
12.4 
12.8 
13.4 


13.4 

14 

14 

14.4 
14.4 
14.6 

15.2 
15.9 
16.1 

16.5 
16.8 
16.8 

16.8 
17.5 


18.2 
18.2 
18.5 
18.5 


West  side  of  railroad,  near  gate  at  private  road  crossing,  nail  in  top 
of  stump 

Surface  of  water  (is  about  4  feet  lower  than  low  water) 

South  end  of  trestle  No.  70  M,  15  feet  east  of  railroad,  cross  on  sand- 
stone  


Big  Beef  Slough,  150  feet  below  railroad  bridge  No.  74  M  (is  about 
3  feet  above  low  water)  surface  of  water 


595  feet  north  of  bridge,  on  west  side  of  track,  nail  in  top  of  post . 

Private  road  crossing,  top  of  east  rail 

Pawn's  farm,  private  road  crossing,  top  of  west  rail 

T.  24  N.,  R.  13  W.,  just  outside  of  Chicago,  Milwaukee  and  St.  Paul 
Railroad  right  of  way,  left  bank  of  river,  and  0.25  mile  due  west 
of  center  sec.  6,  in  sandstone  post  12  by  6  by  30  inches,  bronze 
tablet  marked  " 733  E.  C." 

Surface  of  water 


Round  Hill,  0.25  mile  below,  left  bank  of  river,  black  oak  tree,  nail  in 
notch  cut  in 


Surface  of  water 

Road  in  front  of  barn. 
Surface  of  water 


Round  Hill,  north  and  south  road  crossing  on  Chicago,  Milwaukee 
and  St.  Paul  Railroad 


Road  crossing  on  east  side  of  railroad,  spike  in  signboard 

Private  road  crossing,  top  of  rail 

Durand,  100  feet  north  of  south  switch  block,  12  feet  east  of  center 
of  track,  north  end  of  sandstone,  cross 

300  feet  north  of  brewery,  east  and  west  road  crossing,  top  of  rail. . 

Durand,  road  crossing  north  of  station,  top  of  rail 


Durand  County  jail  building,  water  table  at  southwest  corner  of, 
bronze  tablet  marked  " 724  E.  C." 1 

Upper  bridge,  surface  of  water 


Durand,  north  part  of,  at  north  end  of  siding,  35  feet  northwest  of 
switch  block,  cotton  wood  tree,  notch  cut  in  root,  nail  in 


Spur  line  up  river. 

Elm  tree,  left  bank  of  river,  nail  in  notch 

Surface  of  water 

Creek  from  east,  white  oak  tree  at,  nail  in  notch  on  root 

Creek,  at  mouth,  surface  of  water  (river  is  about  2  feet  above  low 
water) 


Main  line  continued. 

18.  8  |  Northwest  corner  of  trestle  No.  96  M,  nail  in  top  of  fence  post. 

18.  8     Surface  of  water 

19. 1      Beaver  Creek,  surface  of  water 


Elevation 
in  feet. 


694.  91 
693 

701.32 

695 

711.65 
714.  61 
724.3 


732. 878 
698 

737.7 
699 
733 
699 

731.4 
740.  56 
724.  55 

717.  54 

720.6 

724.7 

724.  361 
703 

727.  23 

707.  24 
705 
707.  20 

706 

717. 24 

711 

712 
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Elevations  on  Chippewa  River  from  Reeds-  Landing,  Minnesota,  along  Chicago,  Milwauket 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  Wis.— Continued. 


Trestle  No.  98  M,  top  of  sandstone,  at  southeast  end  of  trestle 

Trestle  No.  100  M,  southeast  comer  of,  -pike  in  cap 

Surface  of  water - 

Bear  Lake, 0.75  mile  north  of,  private  road  crossing,  top  of  wesl  rail. 

Private  road  crossing,  top  of  east  rail 

Whistle  post  for  road  crossing,  spike  in 

East  and  west  road  crossing,  top  of  wesl  rail 

Northwest  and  southeast  road  crossing,  top  of  west  rail 

Weber's  house,  road  crossing,  top  of  rail 

Crossing  post,  near  bottom,  railroad  spike 

Trestle  No.  106  M,  section  line  between  sees.  top  of  rail.  . 

Red  Cedar,  0.33  mile  south  of ,  T.  25  X.,  R.  12  W.,  sec.  6,  one-quarter 

corner  north  side  of.  in  ground  at  T  road  east ,  sandstone  <»  by  12  by 
30  inches,  bronze  tablet   marked  "755  E.  C." 

bed  ( !edar,  west  pail  of.  foundation  to  water  tank 

bed  Cedar,  road  crossing,  top  of  rail 

Surface  of  water 

Private  road  crossing,  top  of  rail 

Private  road  crossing,  spike  in  base  of  first  telegraph  pole  north  of.  . 

bed  Cedar  -In net  ion,  at  switch  block,  top  of  east   rail 

bed  Cedar  -In net  ion,  surface  of  water  at  bridge. 

Trestle  No.  ION  M,  at  southwest  corner,  nail  in  top  of  fence  post  .... 

Surface  of  water 

Tyrone  (abandoned  station  ),  750  feet  south  of,  spike  in  telegraph 
le 


Elevation 

in  feet . 


14. 


])<)1( 


Surface  of  water 

Tyrone,  at   road  crossing,  top  of  rail 

Private  road  crossing,  top  of  rail 

Trestle  No.  116,  fence  post  at  southwest  corner  of.  nail  in  top  of 
Surface  of  water 

Private  road  crossing,  top  of  west  rail 

Railroad  spike  in  crossing  post 

Road  crossing  (second  one  north  of  public  crossing),  top  of  rail.  . 
Trestle  No.  118  M,  at  southeast  corner  of.  in  top  of  fence  post. . . 
Surface  of  water 


Meridian,  T.  26  N.,R.  12  W.,  sec.  1  I,  north  part  of,  at  southeast  cor- 
ner of  Iver  Brock's  residence,  in  stone  foundation,  bronze  tablet 
marked  "  740  E.  C. " 


Road  crossing,  top  of  rail 

Private  road  crossing,  top  of  rail 

Trestle  No.  124  M,  at  east  end  of,  nail  in  top  of  fence  post. 


715.60 

713 

733.  2 

735. 1 

73o.  62 

735.  8 

737.  2 

745.8 

746.52 

749.64 

755.670 

758.  36 

758.9 

721 

73o.  2 

731.37 

720.  3 

721 

730.  15 

722 

727.  97 

724 

732 

731 . 2 

732. 96 

724 

733.  24 

731.5 

732.  9 

733.  04 

728 

739.  923 

739.2 

739.8 

738.  46 
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Elevations  on  Chippeiva   River  from  Reeds  Landing,  Minnesota,  along  Chicago,  Milwaukee 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  Wis. — Continued. 


Distance 
in  miles. 


29. 
29. 
30. 
30. 
31 
31 
32. 

32. 
33 
33. 

33. 
34. 

34. 
34. 
34. 
35. 


35.  9 


36. 
36. 
37 

37 
38. 

39. 
39. 
40. 

40. 
41. 

41. 
42. 
42. 
43 
43. 


I 
5 

7 

7 
3 

4 

4 
4 

3 

JRR 


Surface  of  water 

North  and  south  road  crossing,  top  of  rail 

North  and  south  road  crossing,  cross  on  stone 

Road  crossing,  top  of  north  rail 

Road  crossing,  spike  in  telegraph  pole 

Wagon  bridge,  surface  of  water 

South  side  of  railroad,  60  feet  west  of  large  spring,  cross  cut  in  sand- 
stone  

Surface  of  water ." 

Spike  in  base  of  telegraph  pole 

Opposite  small  island,  on  highest  point  of  large  sandstone  bowlder, 
cross  cut 

Surface  of  water 

On  bank  of  river  at  right  of  way  fence,  sandstone  bowlder,  cross  cut 
in  top  of 

Rock  Creek,  surface  of  water 

Private  road  crossing,  top  of  rail 

Trestle  No.  144,  at  northwest  corner  of,  nail  in  cross  cut  in  cap 

Caryville,  T.  26  N.,  R.  11  W.,  sec.  11,  cast  part  of,  at  northwest  cor- 
ner of  post-office,  Strand's  general  store,  in  stone  foundation, 
bronze  tablet  marked  ' '  760  E.  C. " 

Road  crossing,  top  of  rail 

[Line  continued  along  highway.] 

Wagon  bridge  over  West  Creek,  in  top  of  pile  at  east  approach,  nail. 

Surface  of  water 

East  of  small  island,  water  maple  40  feet  east  of  river,  on  left  bank, 
nail  in  root  of 

Surface  of  water 

Powell  Lake  and  Chippewa  River  roads,  75  feet  east  of  junction, 
small  double  elm  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

On  left  bank  of  river,  at  east  end  of  long  log  boom,  nail  in  maple 
stump 

Surface  of  water 

Coolies  Lake,  near  outlet,  B.  A.  Church ville  residence,  at  southwest 
corner  of,  in  foundation,  bronze  tablet  marked  "  779  E.  C. " 

Surface  of  water 

Porterville,  0.75  mile  south  of,  wagon  road  culvert,  nail  in  top  of  pile 

Surface  of  water 

Old  Porter  mills,  nail  in  root  of  large  water  maple 

T  roads ,.,,„...,.,.,,...,.,,„,..„..,,„.. 

115—05 8 
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Elevations  on  Chippewa  River  from  Reeds  Landing,  Minnesota,  along  Chicago,  Milwaukee 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  Wis.— Continued. 


Creek,  mouth  of,  surface  of  water 

On  river  hank,  30  feet  west  of  road,  nail  in  top  of  stump 

Surface  of  water 

Charles  Bannon's  residence,  120  feet  southeast  of,  at  gate,  nail  in 
white  oak  stump 

Lower  Creek,  road  crossing  on  Chicago,  Milwaukee  and  St.  ran! 
Railroad,  top  of  rail 

Surface  of  water  (higher  than  has  been  for  2  years) 

Shawtown.l  mile  south  of, T.  27  N.,R.  L0W.,sec.36,northeas1  coi- 
ner of,  in  stone  foundation  at  northwest  corner  of  Henry  Trimble's 
residence,  bronze  tablet  marked  ' '  781  E.G." 

High  water,  in  1884 

Road  crossing 

Surface  of  water 

Shawtown,  200  U-rl  south  of  railroad  bridge,  spike  in  base  of  tele- 
graph pole 

Under  bridge,  surface  of  water 

Menomonie  street  crossing,  top  of  rail 

Eau  Claire,  crossing  of  Niagara  and  Seventh  si  reel 

East  entrance  to  high  school,  first  window  to  light,  in  sill,  cut  in 
center 

Eau  Claire,  atsouthwest  corner  of  court-house,  bronze  tablet  marked 
"797  E.C." 

Crossing  of  Grand  and  ( )xford  avenue,  top  of  rail 

200  feet  south  of  railroad  bridge,  spike  in  base  of  crossing  post 

Center  of  railroad  bridge  over  river 

Kau  Claire  River,  mouth  of ,  surface  of  water  under  bridge  (.lime  2). . 

[Spur  line  June  '.».  up  Eau  Claire  River  from  junction.    Stage  of  water6.5 

lower.] 

Junction  of  Chippewa  and  Kau  Claire  rivers,  June  9,  foot  of  first  dam 
at  mouth  of,  on  Kau  Claire  river 

Head  of  same  dam 

Foot  of  second  dam 

Head  of  second  dam. 

[Main  line  continued  June  2.    River  is  (;.:»  feet  higher  than  a  week  later.] 

Eau  Claire  court-house,  0.7  mile  north  of ,  at  Chicago,  Milwaukee  and 
St.  Paul  Railroad  station,  top  of  rail 


Elevation 

in  feet. 


Forrest  street  crossing  of  spur  to  paper  mill,  top  of  rail 

Elm  street  crossing,  top  of  rail 

The  Dallas  Paper  Mill  Company  dam,  foot  of,  surface  of  water 

The  Dallas  Paper  Mill  Company  dam,  head  of,  surface  of  water. . . 

Chicago  and  Northwestern  Railroad  bridge  over  river,  south  corner 
of  east  pier,  cross  cut  on 


764 

767.  85 
764 

771.  OS 

773.4 

768 

780.84 
777 
776.  5 
769 

783.98 
769 
777.6 
781.2 

797.  93 

797.  473 
791 

787.  33 
788.3 
770 


7b:*.  5 
771 
774 
786.8 


786.  05 

778.6 
780.3 

772 
793 

804.  36 
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Elevations  on  Chippewa  River  from  Reeds  Landing,  Minnesota,  along  Chicago,  Milwaukee 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  Wis. — Continued. 


Chicago  and  Northwestern,  at  mile  post  St.  Paul  87,  top  of  rail 

Duluth  Branch,  at  overhead  road  crossing,  top  of  rail 

Duluth  branch,  Chicago  and  Northwestern  Railroad,  on  east  side  of 
railroad,  opposite  yard-limit  post,  spike  in  base  of  telegraph  pole- 
Road  crossing,  top  of  rail 

Mile  post  1 ,  top  of  east  rail 

Power  house  at  crossing  of  Chicago,  Milwaukee  and  St.  Paul  and 
Chicago  and  Northwestern  railroads,  1,100  feet  south  of,  spike  in 
telegraph  pole 

Grade  crossing,  top  of  rail 

Chicago,  Milwaukee  and  St.  Paul  and  Chicago  and  Northwestern 
railroads,  grade  crossing,  top  of  rail 

Road  crossing,  top  of  west  rail 

20  feet  west  of  north  cattle  guard  to  road  crossing,  in  base  of 
fence  corner  post,  spike 

Road  crossing,  top  of  rail 

Second  pole  west  of  road  crossing,  spike  in 

Dalles  Mill  station,  road  crossing,  top  of  west  rail 

Road  crossing  on  line  between  Eau  Claire  and  Chippewa  counties 

County  line  crossing,  in  north  cattle  guard,  nail  in  top  of  fence  post. . 

East  and  west  road  crossing,  top  of  east  rail 

Surface  of  water 

La  Fayette,  road  crossing  at  old  site  of,  top  of  west  rail 

Surface  of  water 

La  Fayette,  second  telegraph  pole  above  road  crossing  at  old  site 
of,  spike  in. 

North  and  south  private  road  crossing,  spike  in  black  oak  tree 

Surface  of  water 

Road  crossing  east  and  west 

Badger  Mills,  road  crossing  just  below  north  switch  block 

Halle  Lake,  Badger  Mills,  surface  of  water 

Badger  Mills,  just  south  of  waiting  shed,  spike  in  crossing  post.  .  .  . 

Badger  Mills,  opposite  waiting  shed,  top  of  east  rail 

Badger  Mills,  summer  hotel,  in  ground  in  lawn  of,  50  feet  due  west 
of  front  window,  sandstone  post  10  by  8  by  30  inches,  bronze 
tablet  marked  "827  E.  C." 

150  feet  west  of  P.  C.  mark,  150  feet  south  of  gate,  spike  in  base  of 
telegraph  pole 

Surface  of  water 

Surface  of  water 

Trestle  No.  216,  in  sleeper  at  west  end  of,  painted  cross  on  bolt 

Gravel  Island,  crossing  post  just  below,  spike  in  base  of 

Gravel  Island,  slough,  mouth  of,  surface  of  water 


Elevation 
in  feet. 


843.1 

851.8 

858.  56 
871.3 

882.8 

882. 09 
881.2 

880.2 
843.5 

840. 09 

813.8 

807.  97 

804.2 

813 

815. 18 

821.1 

793 

817.4 

794 

818.  75 
815. 96 
794 
821.9 
817 
815 
818.  19 
820.2 

827. 716 

831.45 
797.3 
801 
833.  51 

855.  19 
803 
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Elevations  on  Chippewa  River  from  Reeds  Landing,  Minnesota,  along  Chicago,  Milwaukee 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  IF  is.— Continued. 


Surface  of  water 

Spike  in  base  of  crossing  post 

Road  crossing,  top  of  rail 

Central  Junction,  Chicago,  Milwaukee  and  St.  Paul  Railroad  and 
Wisconsin  Central  Railroad,  switch  block  at 

East  side  of  railroad,  spike  in  base  of  telegraph  pole 

Road  crossing,  top  of  rail 


Center  of  Chicago,  Milwaukee  and  St.  Paul  Railroad  bridge,  top  of 
rail 


Surface  of  water  under  bridge 

Junction  of  Chicago,  Milwaukee  and  St.  Paul  Railroad  and  Wiscon- 
sin Central  Railroad  (main  line  >.  top  of  rail 


Chippewa  Falls,  20  feet  south  of  water  tank,  spike  in  base  of  tele- 
graph pole 

Chippewa  Falls,  Taylor  street  crossing,  top  of  rail 

Chippewa  Falls,  under  bridge,  foot  of  dam.  surface  of  water 


Chippewa  Falls,  northeast  corner  of  city  building  containing  fire 
department  and  city  jail,  in  foundation,  bronze  tablet  marked 
"  840  E.  C." 


Chippewa  Falls,  above  dam,  surface  of  water. 


[Flying  levels  by  F.  T.  Fitch,  field  assistant,  I  bippewa  Palls,  up  Chippewa 
River  to  Flambeau.] 

Highest  water  mark  on  record,  recorded  by  Chippewa  Falls  Lum- 
ber and  Boom  Company,  Sept.  10,  1884 


Second  highest  water  mark  of  Chippewa  River,  recorded  Dec.  .'}, 
1896 


Lowest  water  mark  of  Chippewa  River,  reading  taken  al  Chippewa 
Falls 


Highway  bridge  at  falls,  surface  of  water 

Chippewa  Falls,  surface  of  water 

Crest  of  dam  of  Chippewa  Falls  Lumber  Company,  surface  of  water. 

Paint  Creek  Rapids,  foot  of,  north  bank  of  river,  50  feet  from  water, 
top  of  bowlder,  chiseled  square 

Yellow  River,  mouth  of,  surface  of  water. ... 

Eagle  Rapids,  foot  of,  surface  of  water 

Eagle  Rapids,  head  of,  surface  of  water 

Surface  of  water 

Foot  of  rapids,  surface  of  water 

Jim  Falls,  east  side  of  river  at  edge  of  water,  nearly  opposite  Pitch 

Hotel,  at  foot  of  rapids,  in  granite  ledge,  chiseled  square 

Surface  of  water 

Head  of  rapids,  surface  of  water 

Coltons  Rapids,  foot  of,  surface  of  water 

Coltons  Rapids,  head  of,  surface  of  water 
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Elevations  on  Chippewa  River,  from  Reeds  Landing,  Minnesota,  along  Chicago,  Milwaukee 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  Wis. — Continued. 


Distance 
in  miles. 


19.2 


20.2 

22.9 

25.7 

26.9 

26.  9 

27 

28 

29.5 

32.7 

33.2 

33.2 

33.2 

39.7 

43.3 

Chas.  Richards,  near  house  occupied  by,  150  feet  south  of  road 
intersection,  at  edge  of  water,  rock,  chiseled  square 

Shaw  Creek,  400  feet  above  mouth  of,  surface  of  water 

Bob  Creek,  mouth  of,  surface  of  water 

Chevalley  Rapids,  foot  of,  surface  of  water 

Above  rapids,  surface  of  water 

Brunne  Falls,  at  boat  landing,  west  bank  of  river,  below  main  falls 
and  just  above  Chevalley  Rapids,  125  feet  south  of  old  house,  50 
feet  from  water,  bowlder  2  feet  square,  chiseled  square 

Brunne  Rapids,  foot  of,  surface  of  water 

Brunne  Rapids,  head  of,  surface  of  water 

Fisher  River,  mouth  of,  surface  of  water 

Holcombe,  foot  of  rapids,  surface  of  water 

Holcombe,  foot  of  dam,  surface  of  water 

Above  dam,  surface  of  water 
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South  entrance  to  bridge  over  flooding  dam,  500  feet  west  of,  south 
side  of  highway,  50  feet  south  of  river,  on  bowlder  in  fence,  chis- 
eled square. 


Deer  Tail  Creek,  mouth  of,  surface  of  water 

Flambeau,  post-office,  at  intersection  of  Flambeau  and  Chippewa 
rivers,  on  point  of  land,  nail  in  root  of  tree 

Junction  of  rivers,  surface  of  water 


Elevation 
in  feet. 
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966 

984. 19 

967 

993 

995 
1,004 
1,020 
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1,046.55 
1,036 

1,055.09 
1,050 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington,  D.  C,  May  12,  1904. 
Sir:  I  have  the  honor  to  submit  herewith,  for  publication  as  a 
water-supply  and  irrigation  paper,  a  report  on  the  water  problems 
of  Santa  Barbara,  CaL,  transmitted  by  Mr.  J.  B.  Lippincott. 

As  the  city  and  suburbs  of  Santa  Barbara  form  one  of  the  most 
attractive  and  productive  districts  in  southern  California,  a  thorough 
knowledge  of  the  water  supply  of  the  region  is  of  the  utmost  impor- 
tance. It  is  thought  that  the  facts  brought  out  in  the  report  will 
be  of  much  interest. 

Very  respectfully,  F.  H.  Newell, 

Cliiej  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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WATER  PROBLEMS  OF  SANTA  BARBARA,  CAL. 


By  J.  B.  Lippincott. 


INTRODUCTION. 

The  Santa  Barbara  coast  extending  from  Goleta  to  Carpinteria, 
including  the  city  and  suburbs  of  Santa  Barbara,  is  naturally  one 
of  the  most  attractive  and  productive  districts  of  southern  Cali- 
fornia.    It  is,  however,  deficient  in  water  supply. 

Desiring  a  broad  and  comprehensive  study  made  of  this  locality, 
with  a  view  to  a  solution  of  the  problems  involved,  the  city  and 
county  of  Santa  Barbara  have  requested  (1)  that  the  topographic 
work  of  the  Geological  Survey  be  extended  so  as  to  cover  this  dis- 
trict, and  (2)  that  the  hydrographic  branch  of  the  Survey  make  an 
investigation  of  the  water  problems  involved.  These  topographic 
surveys  have  now  been  made,  and  the  maps  of  the  Goleta,  Santa 
Barbara,  Santa  Ynez,  and  Mount  Pinos  quadrangles  have  been  pub- 
lished. The  Santa  Maria  quadrangle  has  been  surveyed  and  the  map 
is  now  being  engraved.  This  will  complete  the  mapping  of  the  coun ty . 
These  topographic  maps  are  of  the  very  greatest  assistance  and 
importance  in  determining  relative  elevations,  areas  and  elevations 
of  drainage  basins,  and  possible  tunnel  locations  through  the  Santa 
Ynez  Range. 

In  the  hydrographic  investigations  the  city  of  Santa  Barbara  has 
cooperated,  paying  one-half  of  the  expense  connected  with  the 
maintenance  of  a  gaging  station  on  Santa  Ynez  River  and  Mono 
Creek,  on  which  streams  daily  observations  have  been  made  for 
silt,  volume  of  flow,  and  mineral  impurities  of  the  water,  and  also 
approximately  25  per  cent  of  the  expense  connected  with  the  prepa- 
ration of  this  report.  This  portion  of  the  work,  therefore,  is  in  the 
nature  of  a  joint  investigation  by  the  city  of  Santa  Barbara  and 
the  Geological  Survey,  all  of  the  field  work  and  investigation  being 
done  by  the  Survey  and  a  portion  of  the  expense  being  paid  by  the 

city  of  Santa  Barbara. 
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LOCATION  AND  DRAINAGE   OF  THE   DISTRICT. 

The  district  under  investigation  extends  from  Ventura  River  in 
Ventura  County  along  the  coast  as  far  as  Goleta  in  Santa  Barbara 
County,  and  more  particularly  into  the  high  mountainous  districts 
of  Ventura  and  Santa  Barbara  counties  lying  on  the  north  side  of 
the  Santa  Ynez  Range  and  including  the  drainage  basin  of  Santa 
Ynez  River  and  its  tributaries. 

The  coastal  plain  fronting  the  ocean  consists  of  a  series  of  old 
marine  beaches  and  undulating  foothills  facing  Santa  Barbara  Chan- 
nel. Views  of  this  coastal  plain  are  shown  in  PI.  II.  This  district 
is  of  great  natural  beauty,  and  has  become  the  home  not  only  of 
agriculturists  and  horticulturists,  but  also  of  many  eastern  people 
who  have  sought  it  for  recreation  and  health.  It  is  one  of  the  most 
attractive  regions  in  California.  The  winds  arc  mild,  those  from 
the  south  being  tempered  by  the  Pacific  Ocean,  and  those  from  the 
north  being  barred  out  by  the  Santa  Ynez  Range,  which  parallels 
the  coast,  rising  to  elevations  of  from  3,000  to  4,000  feet  and  pre- 
senting a  bold  and  attractive  background  to  the  undulating  foothill 
districts.      (See  PI.  I.) 

The  streams  (lowing  from  the  southern  slope  of  this  range  are 
precipitous  and  have  shorl  drainage  basins  of  small  area.  This 
topography  produces  a  torrential  stream  condition  after  rains,  fol- 
lowed by  a  period  of  extreme  low  water  in  time  of  drought.  The 
range  is  formed  chiefly  of  shale  and  sandstone,  the  strike  being  par- 
allel to  the  coast  and  the  dip  nearly  vertical,  inclining  somewhat  to 
the  south.  This  geologic  formation  admits  of  a  number  of  small 
but  permanent  springs  in  the  canyons  eroded  by  the  streams,  and 
is  also  favorable  to  the  development  of  water  by  tunnels  run  at  right 
angles  to  the  line  of  strike.  Beyond  the  crests  of  the  Santa  Ynez 
Range  is  the  drainage  basin  of  Santa  Ynez  River.  A  second  range 
of  mountains,  consisting  of  the  crest  of  the  Coast  Range  and  cul- 
minating in  Mount  Pinos,  the  elevation  of  which  is  8,826  feet,  rises 
to  the  north  and  trends  parallel  to  the  Santa  Ynez  Mountains.  These 
higher  mountains  are  drained  by  streams  running  in  a  southerly 
direction  and  uniting  with  Santa  Ynez  River  proper,  which  runs 
close  to  the  northerly  base  of  the  Santa  Ynez  Mountains,  flowing 
westerly  and  paralleling  the  Coast  Range.  It  has  a  total  length  of 
about  70  miles,  with  flat  grades,  and  offers  frequent  opportunities 
for  impounding  water  in  storage  reservoirs. 

The  results  of  the  investigations  indicate  that  a  solution  of  the 
water  problem  for  the  coast  district  lies  in  impounding  the  flood 
waters  in  the  drainage  basin  of  Santa  Ynez  River  and  conveying 
them  to  Santa  Barbara  through  a  long  tunnel  beneath  the  Santa 
Ynez  Range. 


Lippincott.]       WATER    PROBLEMS    OF    SANTA    BARBARA,    CAL.  11 

REVIEW  OF  EARLIER  WORK  BY  OTHERS. 

It  is  here  deemed  proper  to  review  the  work  which  has  been  done 
along  this  line  in  the  past  by  other  engineers,  both  for  the  city  of 
Santa  Barbara  and  for  the  Santa  Barbara  Water  Company.  The  first 
report  was  made  for  the  city  of  Santa  Barbara  on  October  19,  1889, 
by  George  F.  Wright,  member  American  Society  of  Civil  Engineers, 
and  at  the  time  city  engineer  of  Santa  Barbara.  The  second  report 
was  presented  on  July  2,  1896,  by  Ernest  J.  S.  Purslow,  civil  engineer 
for  the  Santa  Barbara  Water  Company.  Both  of  these  gentlemen, 
who  are  now  deceased,  were  residents  of  Santa  Barbara,  engineers 
of  distinction,  men  of  good  standing  in  the  community,  and  thoroughly 
acquainted  with  local  conditions.  In  general  their  judgment 
respecting  the  subject  here  under  consideration  is  approved  by 
the  present  writer,  both  from  personal  knowledge  of  the  locality 
and  from  observations  elsewhere.  Their  opinions  particularly  with 
reference  to  local  water  supplies  on  the  south  side  of  the  range  are 
worthy  of  acceptance,  and  it  was  not  deemed  necessary  or  advisable 
to  make  further  field  examinations  over  this  ground  which  they 
had  previously  covered  in  detail.  Because  these  reports  were  made 
a  long  time  ago  and  are  now  unfamiliar  to  many  new  residents, 
and  are  out  of  print,  it  is  considered  advisable  to  briefly  review  them. 

REPORT  OF  GEORGE  F.  WRIGHT,  1889. 
NEEDS    OF    DISTRICT. 

Mr.  Wright  states:  "I  have  endeavored  to  cover  the  whole  field 
in  my  report,  trusting  in  many  cases  to  previous  examinations  and 
surveys  made  by  myself,  aided  by  the  available  maps  of  that  portion 
of  the  territory  lying  south  of  the  summit  of  the  Coast  or  Santa  Ynez 
Range  of  mountains."  He  calls  attention  to  the  fact  that  even  at 
that  time  the  city  had  never  had  an  ample  water  supply  to  meet  its 
demands,  a  condition  which,  as  all  the  residents  of  the  district  are  well 
aware,  has  never  been  materially  changed.  He  states  further:  "The 
immediate  necessity  demands  a  supply  of  2  million  gallons  per  day 
(equivalent  to  200  gallons  per  capita  for  10,000  persons),  which 
will  certainly  be  increased  to  3  million  gallons,  and  probably  4  mil- 
lion gallons,  per  day  before  many  years."  This  statement  was 
made  on  the  assumption  that  the  city,  with  an  ample  water  supply, 
would  have  a  vigorous  growth,  and  a  development  proportional  to 
that  of  other  towns  of  southern  California  as  suitably  located  and 
having  adequate  supplies.  In  marked  contrast  with  this  demand, 
he  states  that  the  low-water  flow  of  Mission  Creek  (a  present  source 
of  supply)  is  reported  to  fall  as  low  as  300,000  gallons  daily  in  mid- 
summer, and  that  a  trial  test  of  the  De  la  Guerra  wells  showed  an 
average  daily  output  of  600,000  gallons  at  that  time. 
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STREAMS    SOUTH    OF    COAST    RANGE. 

A  complete  investigation  was  made  by  Wright  of  all  the  adjoining 
drainage  basins,  extending  from  Rincon  Canyon  on  the  east  to 
Canada  Refugio  on  the  west,  during  the  summer  of  1889.  The  rain- 
fall at  Santa  Barbara  had  been  21.44  inches  during  the  preceding 
winter,  and  21.71  inches  the  winter  before  that — unusually  good 
records,  as  the  Santa  Barbara  mean  is  only  16.78  inches.  Conse- 
quently Mr.  Wright's  figures  on  stream  flow  are  above  what  should 
be  accepted  as  an  average  condition.  His  table  descriptive  of  the 
streams  is  given  below/' 

Table  1. — Streams  east  of  Santa  Barbara  and  south  of  Coast  Range. 


Name  of  stream. 


Rincon,  proper 

Gobernador 

Carpinteria,  including  Sutton . 

Santa  Monica 

Parida,  including  Oil 

Ficay 

Dinsmore 

Cold  Spring 

Mission,  including  Rattlesnake 


Total  daily  summer  flow 


Catch- 
ment area 


Distance 


rs™  ™ 


8.8 
7.8 
5.  3 
3.6 
3.3 
1.  I 
3.  0 
3.8 
5  7 


Daily  flow 

in  miner's      Remarks:  Flow  in  min- 

inches  er's  inches. 

(1889).  b 


5.8  June  Hi,  1900:  1.5. 
29.0 

3.9  June  16,  11)00:  0.1. 
11.0 

1 5.  5 

L5.5 

11.6     July  18,1902:  3.0. 

11.6 


23.2 


/June  14,1900:   1.0. 
[June  17,1900:  2.5. 


127.7 


"During  the  last  year  the  United  States  Geological  Survey  has  made  a  detailed  topographic  field 
survey  of  the  mountainous  dist  rid  in  the  vicinity  of  Santa  Barbara .  indicating  in  contours  the  area 
of  drainage  basins,  together  with  their  altitude.  These  maps  a  re  more  accurate  than  any  previous 
ones,  and  have  been  used  in  determining  the  drainage  areas  of  all  the  streams  described  by  Wright 
thai  .ould  be  recognized  from  his  names  In  each  case  the  area  has  been  determined  above  the  point 
where  the  stream  issues  from  the  foothills  or  mountains.  In  the  case  of  a  few  of  these  streams  other 
measurements  are  available  for  later  years.  These  are  included  and  show,  particularly  for  the  year  1900, 
a  marked  decrease  in  volume  over  that  measured  by  W right.  The  rainfall  in  the  year  1899-1'miii  at 
Santa  Barbara  was  12.68  inches. 

b  A.  miner's  inch  is  taken  as  equal  to  one-fiftieth  of  a  cubic  loot  per  second,  or  a  flow  of  12,925  gallons 
per  day. 
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Table  2. — Streams  west  of  Santa  Barbara  and  south  of  Coast  Range. 


13 


Stream. 


Arroyo  Burro 

Maria  Ygnacia 

San  Jose 

San  Pedro 

Arroyo  Carnero 

Annes 

Annito 

Tecolote 

Aguila 

Dos  Pueblos 

Canada  Verde  (Las  Varas) . 

Canada  Llaces 

El  Capitan ,.**.. 

Canada  del  Corral 

Canada  Refugio 

Total 


Catch- 
ment in 
square 
miles. 


5.7 
6.0 

2.7 
3.3 

4.0 

5.2 
4.5 
6.7 
2.5 
1.5 
1.5 
1.0 
2.0 


Length  in 
catch- 
ment. 


2.5 
2.0 
2.5 
2.0 
2.0 
1.0 
1.5 
2.5 
2.0 
2.0 
2.0 
2.0 
1.0 
1.0 
2.0 


Dist;i  nee 
from  city 
in  miles". 


2.5 

6.0 

7.0 

9.5 

10.0 

12.0 

13.0 

14.0 

15.0 

17.0 

18.0 

20.0 

22.0 

23.0 

25.0 


Daily  flow 

in  miner's 

inches. 


11.6 
« 11.  6 

13.6 
3.9 
3.9 
3.9 
1.9 

13.6 
5.8 

27.2 
3.9 
3.9 

11.6 
7.7 

15.4 


Remarks:  Flow  in  min- 
er's inches. 


June  17,1900:  1.5. 
July  30, 1900:  38.1. 


139.  5 


a  Laguna  Blanca  Water  Company. 

Wright  correctly  states  that  the  grades  of  these  local  streams  on 
the  south  side  of  the  mountains  are  very  steep,  affording  no  oppor- 
tunities for  the  construction  of  storage  reservoirs.  He  also  states 
that  while  it  might  be  possible  to  divert  some  of  these  storm  waters 
by  means  of  large  canals  into  basins  in  the  flat  lands  to  the  side, 
the  work  would  be  exceedingly  expensive  and  impracticable. 

The  conclusion  that  he  reaches  with  reference  to  the  streams  on 
the  south  side  of  the  Coast  Range  is  as  follows: 

I  do  not  deem  it  practicable  to  secure  an  ample  supply  of  water  for  Santa  Barbara  south 
of  the  Santa  Ynez  Range  of  mountains,  For  the  following  reasons : 

1.  The  aggregate  daily  summer  flow  of  the  entire  watershed  from  Rincon  Creek  to  and 
including  Refugio  Creek  is  less  than  4  million  gallons  per  day. 

2.  This  flow  is  all  claimed  by  riparian  owners,  water  companies,  and  individual  water 
claims. 

3.  Storage-reservoir  sites  of  sufficient  capacity  and  elevation  do  not  exist  along  the 
streams,  if  at  all.  The  construction  of  numerous  small  reservoirs  would  increase  the 
operating  expenses  and  also  the  first  cost  of  construction. 

4.  Diverting  dams  in  the  streams  would  be  necessary  to  turn  the  winter  flow,  and  the 
conduits  leading  to  the  storage  reservoirs  would  necessarily  be  large  and  expensive. 

5.  It  is  very  doubtful  if  the  city  of  Santa  Barbara  could  establish  a  claim  on  the  waters 
of  these  streams  which  would  enable  her  to  obtain  them  through  legal  process.  Where 
it  is  possible  to  do  so,  however,  the  city  can  not  afford  to  appropriate  water  which,  if  not 
now  needed,  soon  will  be,  for  the  supply  of  the  rapidly  increasing  population  of  the  Car- 
pinteria  and  Montecito  valleys  on  the  east  and  the  Goleta  and  Dos  Pueblos  on  the  west. 
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STREAMS    NORTH    OF    COAST    RANGE. 

Having  failed  to  find  an  adequate  supply  of  water  on  the  south 
side  of  the  range,  the  investigations  of  Wright  were  extended  to  the 
north  side  of  the  range,  into  the  basin  of  Santa  Ynez  River.  Surveys 
to  determine  relative  elevations  were  made,  and  detailed  reports  on 
two  reservoir  sites,  one  known  as  the  Juncal,  near  the  head  of  the 
Santa  Ynez,  and  the  other  as  the  Main  River  reservoir  site,  below 
the  mouth  of  Blue  Canyon.  A  general  view  of  the  basin  of  Santa 
Ynez  River  is  shown  in  PL  III,  B. 

From  a  study  of  the  rainfall  data  available  at  the  time  of  his 
report  Wright  concludes  that  it  will  be  necessary  to  have  a  storage 
reservoir  capable  of  holding  water  from  years  of  average  or  exces- 
sive rainfall  for  years  of  deficient  rainfall.  He  believes  that  in 
some  winters  there  will  be  little,  if  any,  storm  water  in  these  streams. 
From  April,  1876,  to  October,  1S77,  inclusive,  there  was  a  period 
of  drought  of  nineteen  months  in  which  the  rainfall  was  insufficient 
to  much  more  than  supply  evaporation.  On  his  basis  of  200  gal- 
lons per  day  per  capita,  for  a  population  of  20,000,  requiring 
4  million  gallons  per  day,  this  would  call  for  a  storage  of  2,280 
million  gallons,  which  is  equal  to  7,000  acre-feet  of  water,  an  acre- 
foot  being  the  volume  of  water  sufficient  to  cover  1  acre  1  foot 
deep,  or  43,560  cubic  feet. 
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The  Juncal  reservoir  site  was  determined   to  have  the  following 
capacities  with  the  heights  of  dam  stated: 

Table  3. — Capacities  <>j  Juncal  reservoir  with  rations  heights  of  dam. 


Height  of  dam 
in  feet. 

Capacity  in  gallons 

Capacity  in 
acre-feel 

200 

4, 000, 000,  (XX) 

12,270 

175 

2,352,000,000 

7,218 

150 

I.s77,000,000 

5,  700 

125 

1,  137,000,000 

4,410 

100 

1,050,000,000 

3,222 

75 

705.  000,  (XX) 

2, 10 1 

50 

350,  000,  (XX) 

1,074 

A  dam  200  feet  high  would  be  550  feet  long  on  top,  and  one 
100  feet  high  would  be  272  feet  long  on  top.  Purslow  in  his  report 
estimates  that  a  dam  at  the  Juncal  100  feet  high,  with  a  diver- 
sion conduit  to  Santa  Barbara,  would  cost  $300,000.  The  area 
of  the  drainage  basin  is  given  as  23.5  square  miles  by  both  Wright 
and  Purslow.     From  the  topographic  surveys  of  the  United  States 
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Geological  Survey  it  is  found  that  they  were  seriously  in  error,  and 
that  there  is  but  13.4  square  miles  of  area  naturally  tributary  to 
this  reservoir  site.  This  directly  affects  the  value  of  the  Juncal  as 
a  storage  reservoir.  Wright  gives  certain  figures  showing  that,  in 
his  judgment,  the  water  supply  would  be  always  sufficient  to  meet 
the  demands  upon  this  reservoir.  At  the  time  the  reports  of  both 
Wright  and  Purslow  were  written  little  available  data  existed  indi- 
cating the  flow  that  might  be  expected  from  drainage  basins  on  the 
Pacific  coast,  particularly  in  southern  California.  Estimates  were 
therefore  based  upon  observations  on  eastern  streams.     Since  that 


a   1,500 


500 


20  30  40 

Annual  rainfall  in  inches. 


60 


g  Sacramento  River  watershed. 

o   West  portion  of  Peninsular  watershed,  San  Mateo  Creek. 

°.  S  E'ly  portion  of  Peninsular  watershed,  San  Mateo  Creek. 

°  Above  S  E'ly  portion  of  Peninsular  watershed,  San  Mateo  Creek. 

w  Cuyamaca    reservoir  watershed. 

^  Sweetwater    reservoir  watershed. 


o  Arrowhead  Reservoir  Co.  watershed. 

o  King  River  watershed. 

*  o  Salt  Springs  Valley  watershed. 
s 

°  Stanislaus  River  watershed. 

o  Tuolumne  River  watershed. 

Jo  San  Joaquin  River  watershed. 


Fig.  1.— Diagram  showing  relation  of  rainfall  to  run-off  for  California  streams.    (For  description  see 

page  50.) 

time,  however,  the  United  States  Geological  Survey  has  been  meas- 
uring California  streams  and  determining  drainage  areas  and 
their  rainfall,  and  there  is  now  better  information  available  on 
this  subject.  The  whole  trend  of  these  late  stream  measurements 
has  been  to  show  that  estimates  of  run-off  for  southern  Cali- 
fornia, particularly  those  based  on  observations  on  eastern  rivers 
which  were  previously  considered  as  comparable,  give  excessive  and 
unreliable  results.  While  it  is  impossible  to  predict  accurately  what 
the  discharge  from  any  given  drainage  basin  will  be,  nevertheless, 
from  examinations  made  of  the  basin  of  the  Santa  Ynez  and  the 
application  of  average  conditions  observed  in  localities  somewhat 


16  WATER    PROBLEMS    OF    SANTA    BARBARA,    CAL.  [no.  116. 

similar  and  of  a  mountainous  character,  it  is  possible  to  form  an 
approximately  correct  idea  of  the  true  results.  Table  12  shows  the 
estimated  run-off  from  the  drainage  basin  of  the  Juncal  and  neigh- 
boring streams  in  detail.  From  an  extended  comparison  of  rainfall 
data  it  is  believed  by  the  writer  that  the  precipitation  on  average 
years  in  the  basin  of  the  Santa  Ynez  may  possibly  reach  22  inches. 
But  since  late  records  indicate  less  rainfall,  the  Santa  Barbara  mean 
of  16.78  is  used  by  the  author  as  the  basis  of  his  estimates  in  table 
12  (p.  53).  Wright  considers  thai  it  will  be  over  20  inches  through- 
out the  drainage  basin,  and  Purslow  that  it  will  be  27  inches.  The 
rainfall  in  the  mountains  varies  in  the  same  ratio  for  wet  and  dry  years 
as  the  rainfall  at  Santa  Barbara  city.  The  first  rains  arc  absorbed 
by  the  ground  and  retained  in  the  soil  until  evaporated  either  from 
the  surface  or  by  the  growing  plants.  It  takes  about  \)  inches  of 
rain  to  meet  these  demands,  and,  generally  speaking,  no  material 
stream  flow  will  result  from  a  winter's  rain  unless  it  exceeds  this 
amount,  provided  all  of  this  precipitation  does  not  occur  in  hard 
successive  storms,  in  which  event  there  would  be  run-off;  usually, 
however,  there  will  be  no  stream  How  unless  the  winter  rain  exceeds 
9  inches.  When  these  demands  of  evaporation  are  met,  the  suc- 
ceeding storms  furnish  more  and  more  of  a  water  supply  for  the 
streams,  and  the  per  cent  of  rain  so  discharged  increases  in  a  grow- 
ing ratio. 

From  the  studies  above  referred  to,  assuming  a  rainfall  of  25 
inches  in  this  basin,  it  is  concluded  that  during  the  year  1SU7-98, 
when  the  rainfall  at  Santa  Barbara  amounted  to  1.9!)  inches,  there 
would  have  been  no  high-water  stream  How  in  the  mountains.  In 
1898  99  there  would  have  been  available  at  the  Juncal  reservoir 
1,114  acre-feet;  in  1899  1900,  1,367  acre-feet.  This  is  a  three-year 
mean  of  827  acre-feet,  which  would  yield  a  supply  of  but  730,000 
gallons  per  day,  evaporation  not  being  deducted.  These  figures, 
compared  with  Wright's  estimated  accessary  supply  of  4,422  acre- 
feet  annually  to  meet  future  conditions  reasonably  within  sight 
(20,000  people),  show  that  the  Juncal  reservoir  site  and  drainage 
basin  would  be  inadequate  to  meet  the  demands  of  the  city  of  Santa 
Barbara.  The  conclusion  of  Wright  or  of  Purslow  that  the  Juncal 
alone  is  a  suitable  source  for  a  water  supply  for  the  city  can  not  be 
accepted,  although  it  may  be  used  properly  as  a  supplemental  reser- 
voir for  hold-over  purposes,  its  waters  being  Liberated  at  such  periods 
as  may  be  necessary  to  make  up  for  deficiencies  in  reservoir  sites 
lower  on  the  stream.  In  conclusion  Mr.  Wright  makes  the  following 
statement: 

1  consider  the  Santa  Ynez  River  above  the  mouth  of  Blue  Canyon  to  be  not  only  an 
available  source  of  supply,  but  the  only  source  possible  for  (be  future  supply  of  Santa 
Barbara  with  an  abundance  of  good  potable  water,  for  the  following  reasons: 
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1.  Not  only  the  sources  of  the  streams  but  the  entire  river  are  uncontaminated  by  any 
of  the  organic  wastes  pertaining  to  civilization,  and  from  the  rugged  nature  of  the  country 
are  likely  to  remain  so.  The  sandstone  gathering-grounds  are  of  the  best  class  for  delivering 
water  free  from  mineral  impurities. 

2.  The  elevation  and  capacity  of  the  storage  sites  and  the  extent  of  the  catchment  insure 
an  ample  supply  of  water  in  all  seasons. 

3.  The  riparian  rights  in  that  portion  of  the  stream  sought  to  be  appropriated  are  merely 
nominal,  as  none  of  the  summer  flow  above  Blue  Canyon  ever  appears  on  the  surface  as 
far  down  as  the  San  Marcos  rancho.  The  only  riparian  owner  is  therefore  the  owner  of 
the  Los  Prietos  y  Najalayegua  rancho/'  This  right  can  probably  be  purchased,  or  if  not, 
can  be  condemned  by  legal  process. 

4.  The  expansive  capacity  of  the  district  for  increasing  the  supply  to  meet  all  possible 
demands  is  ample  and  in  excess.  This  feature  alone,  other  things  being  equal,  should 
decide  in'  favor  of  this  source  of  supply. 

5.  Storage  reservoir  sites  are  numerous  and  ample.  The  fall  of  the  stream  being  com- 
paratively light,  renders  it  practicable  to  arrest  the  entire  flow  to  the  extent  required  by 
the  demand. 

6.  The  expense  of  constructing  a  thoroughly  efficient  and  permanent  system  of  works  is 
no  greater  than  would  be  the  cost  of  works  of  equal  capacity  on  the  coast  side,  and  main- 
tenance will  be  much  less. 

I  also  recommend  the  construction  of  the  works  as  a  whole.  Omitting  the  storage 
reservoir  is  simply  gambling  on  our  good  luck,  viz,  that  we  will  not  have  a  dry  season  this 
year  or  next,  and  so  on  until  we  do  get  a  dry  year,  when  it  will  be  too  late  to  save  our- 
selves from  great  discomfort  and  possible  pecuniary  loss. 

REPORT  OF  E.J.  S.  PURSLOW,  1896. 

Mr.  Ernest  J.  S.  Purslow,  deceased,  a  civil  engineer,  living  in 
Santa  Barbara  at  the  time  and  employed  by  the  Santa  Barbara 
Water  Company,  investigated  in  1896  the  same  questions  covered 
by  Wright's  report  of  1889.  As  engineer  for  the  water  company, 
he  would  naturally  have  a  point  of  view  somewhat  different  from 
,  that  of  the  representative  of  the  city. 

Purslow  states  that  the  present  Santa  Barbara  Water  Company, 
which  consolidated  the  water  rights  on  Mission  Canyon  and  the  De  la 
Guerra  wells,  was  incorporated  in  January,  1889.  This  was  done 
in  order  to  increase  the  available  water  supply  then  obtained  from 
Mission  Creek  by  a  gravity  system  of  diversion,  and  from  tne  De  la 
Guerra  wells,  located  in  the  city  limits,  by  a  pumping  system. 

NEEDS    OF    DISTRICT. 

Purslow  says: 

The  present  water  supply  is  so  inadequate  and  incomplete  that  it  is  a  physical  impossi- 
bility for  the  city  to  increase  in  size  or  population,  or  for  the  surrounding  country  to  advance 
in  development,  until  water  is  procured  from  a  source  other  than  those  in  the  immediate 
vicinity,  which  are  now  all  used  to  their  fullest  capacity.  The  scarcity  of  water  is  the  first 
impression  that  visitors  receive,  and  many  who  have  desired  to  make  this  their  home  have 
abandoned  the  idea  owing  to  the  gravity  of  this  drawback. 

a  On  December  22,  1903,  this  ranch  was  included  in  the  Santa  Barbara  Forest  Reserve,  lien  scrip 
having  been  issued  to  the  owners  for  it. 
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By  the  general  introduction  of  meters  and  the  most  economical  type  of  service  taps 
the  supply  of  130  gallons  should  be  ample  for  all  purposes;  at  which  rate  the  immediate 
demand  of  the  present  population  would  be  about  1  million  gallons  per  diem.  The  total 
supply  at  present,  during  the  dry  months  of  a  year  with  average  rainfall,  is  about  600,000 
gallons  per  diem,  about  half  from  the  Mission  streams  and  half  from  the  De  la  Guerra  wells. 

Nothing  has  retarded  the  advance  of  the  city  so  much  as  the  condition  of  the  water 
supply,  and  nothing  will  promote  its  future  prosperity  and  growth  as  much  as  a  remedy 
for  this  condition.  The  present  demands  of  the  city  being  upwards  of  1  million  gallons 
per  diem,  a  system  could  not  be  considered  adequate  which  will  not  have  a  capacity  to 
supply  at  least  1,500,000  gallons  per  diem  as  soon  as  work  can  be  constructed,  with  means 
for  subsequently  increasing  the  supply  with  the  growth  of  the  city. 

The  suburbs  of  Santa  Barbara,  and  the  land  extending  easterly  and  westerly  from  the 
city,  are  improved  only  to  the  extent  to  which  the  waters  of  the  small  mountain  streams 
have  been  made  available,  principally  at  points  adjacent  to  and  riparian  on  these  streams. 
West  of  the  city,  where  small  quantities  of  water  are  obtained,  the  land  is  devoted  prin- 
cipally to  horticulture,  and  where  water  is  not  obtainable  it  is  used  as  grazing  and  farming 
land.  East  of  the  city  lies  the  famed  district  of  El  Montecito,  which  is  inhabited,  to  the 
extent  to  which  the  small  streams  can  supply  water,  by  a  class  of  people  who  for  the  most 
part  have  independent  means,  many  of  whom  have  built  substantial  and  handsome  houses 
and  beautified  their  grounds,  and  among  whom  there  are  enough  people  of  intellectual 
pursuits  and  tastes  to  form  a  nucleus  which  makes  it  especially  attractive  for  that  class  of 
people.  It  is  primarily  and  distinctively  a  residence  district.  Consisting  of  a  gentle 
slope  from  the  foothills  toward  the  channel,  broken  and  diversified  by  the  natural  water- 
courses, which,  though  bereft  of  water  during  the  summer  months,  are  lined  with  natural 
timber  growth,  backed  and  protected  on  the  north  by  the  Santa  Ynez  Mountains,  neaily 
every  spot  commanding  a  comprehensive  and  magnificent  view  of  the  channel  and  coast 
line  and  the  distant  islands,  possessing  the  most  equable  climate  in  the  world  and  every- 
thing else  which  Almighty  God  could  give  except  plenty  of  water,  it  is  destined  to  become 
one  of  the  garden  spots  of  the  world. 

Land  which  has  water  is  sold  at  from  $500  to  $1,000  an  acre,  and  although  land  has 
very  little  productive  value  without  water,  such  dry  land  is  held  and  readily  sold  in  El 
Montecito  district  at  from  $250  to  $500  an  acre.  In  spite  of  the  unprecedented  business 
depression  of  the  past  two  years,  sales  of  this  land  have  been  made  during  this  period  of 
some  40  tracts  scattered  through  this  district ,  aggregating  some  070  acres,  at  an  average 
price  of  about  $330  an  acre.  There  is  no  other  residence  district  in  California  where  prices 
for  bare,  dry,  suburban  or  agricultural  land  have  been  so  maintained  and  sales  so  extensively 
made  during  the  past  two  years.  El  Montecito  comprises  about  4,500  acres  of  land  suscep- 
tible of  irrigation,  only  a  small  fraction  of  which  is  supplied  with  water  for  more  than  domes- 
tic purposes.  The  duty  of  water-  here  for  full-bearing  lemon  orchards  has  been  found  to  be 
one  miner's  inch  to  10  acres  of  land  with  the  average  soil,  a  miner's  inch  being  equivalent 
to  a  continuous  flow  of  12,960  gallons  per  diem.  Many  lemon  orchards  have  been  planted 
during  the  past  two  years  on  tracts  of  land  which  have  appurtenant  to  them  such  small 
allowances  of  water  that  it  is  feared  that  the  t  rees  will  die  before  reaching  full  maturity. 
When  orchard  trees  are  young  and  small  a  very  small  quantity  of  water  suffices  to  moisten 
the  soil  immediately  surrounding  them ;  but ,  as  they  increase  in  size  and  their  roots  extend, 
it  is  necessary  to  use  water  enough  to  irrigate  the  whole  orchard  surface.  The  owners  of 
such  orchards  will  be  compelled  to  purchase  more  water  or  see  their  years  of  labor  end  in 
failure.  Ornamental  grounds,  vegetables,  oranges,  and  other  fruits  require  about  the  same 
quantity  of  water  as  lemons/' 

a  The  tunnel  line  from  the  lower  reservoir  sites  on  the  Santa  Ynez  (see  p.  41)  will  command  all  the 
lands  of  El  Montecito  as  well  as  of  the  city  of  Santa  Barbara.  The  elevation  of  the  south  portal 
of  the  present  city  tunnel  is  1,393  feet  above  sea  level.  The  new  tunnel  line  proposed  through  Mission 
Canyon  will  be  at  an  elevation  of  1,186.46  feet  (Geological  Survey  datum). 
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POSSIBLE    SUPPLY. 

Purslow  then  proceeds  to  show  that  the  proper  and  adequate  solu- 
tion of  the  water  problem  for  Santa  Barbara  and  vicinity  consists  of 
the  storage  of  the  storm  waters  of  Santa  Ynez  River  and  their  diver- 
sion  by  means  of  tunnel  lines  to  the  south  side  of  the  range.  He 
states  that  there  are  three  available  sites  for  storage  reservoirs  on 
lands  owned  by  the  water  company  on  the  Santa  Ynez — one  in  Blue 
Canyon,  which  he  afterwards  condemns  as  an  impracticable  proposi- 
tion because  of  its  expense  and  small  drainage  area;  one  on  the  main 
river  near  the  confluence  of  the  Blue  Canyon  with  the  Santa  Ynez, 
which  he  names  the  Main  River  reservoir  site,  and  which  has  a  large 
storage  capacity;  and  a  third,  the  Juncal  reservoir  site,  near  the  head- 
waters of  the  stream. 

BLUE   CANYON    SITE. 

He  states  that  the  Blue  Canyon  site  is  located  at  an  elevation  of 
1,500  feet  above  sea  level,  with  a  drainage  area  of  only  about  8  square 
miles.  A  contour  survey  which  he  made  showed  that  a  dam  100 
feet  high  above  the  bed  of  the  gorge  would  impound  1,500  million 
gallons,  equivalent  to  4,600  acre-feet.  He  admits  that  the  local 
drainage  naturally  tributary  is  totally  inadequate  to  fill  this  reservoir. 
It  would  require  a  tunnel  10,550  feet  long  to  connect  this  reservoir  with 
the  south  side  of  the  mountains. 

MAIN    RIVER   SITE. 

In  describing  the  Main  River  reservoir  site  he  said:  "  This  is  one  of 
the  best  in  California";  certainly  a  very  singular  statement  for  an 
engineer  to  make,  in  view  of  the  fact  that  the  width  of  the  dam  site 
on  the  bed  of  the  creek  is  427  feet.  He  says  the  drainage  area  tribu- 
tary to  the  Main  River  reservoir  site  is  150  square  miles,  ranging  in 
elevation  from  1,500  to  6,000  feet,  with  a  mean  rainfall  of  30  inches 
in  the  drainage  basins  and  a  probable  minimum  of  7  inches.  From 
the  recent  official  surveys  of  the  United  States  Geological  Survey  it 
has  been  definitely  determined  that  the  drainage  area  above  this 
reservoir  site  is  71  square  miles.  The  elevation  of  the  bed  of  the  can- 
yon at  the  Main  River  dam  site  is  1,460  feet  above  sea  level.  This 
reservoir  site  is  of  such  elevation  as  to  command  by  gravity  the  present 
city  tunnel  line,  which  may  be  extended  as  the  outlet  for  the  Mono 
reservoir  site  (see  pp.  40-41).  The  Main  River  reservoir  site  is  owned 
by  the  Santa  Barbara  Water  Company  and  is  of  some  merit.  If  a 
tunnel  is  carried  through  the  range  this  reservoir,  commanding  the 
present  city  tunnel  in  elevation,  may  ultimately  be  built,  either  by 
the  water  company  or  by  its  successors,  thus  materially  adding  to  the 
supply  for  the  district  south  of  the  mountains,  which  demands  all  the 
water  possible  to  be  obtained  from  Santa  Ynez  River. 
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JUNCAL   SITE. 

Purslow  states  that  an  observer  was  stationed  at  the  Juncal,  record- 
ing the  rainfall  and  taking  measurements  of  the  flow  of  the  stream 
during  the  "  past  winter,"  and  that  these  records  show  that  up  to  the 
date  of  writing  the  flow  available  for  storage  was  upwards  of  800  mil- 
lion gallons  (2,455  acre-feet).  This  quantity  includes  the  flow  of 
Alder  Creek  basin  (2.4  square  miles) ,  which  he  proposed  to  divert  into 
the  Juncal.  It  can  not  be  definitely  stated  what  space  of  time  he 
meant  to  include  within  this  period,  but  as  his  report  bears  date  July 
21,  1896,  it  is  probable  that  these  measurements  extend  from  the  1st 
of  November,  1895,  to  say  the  1st  of  July,  1896.  The  rainfall  during 
that  winter  was  13.77  inches  at  Santa  Barbara,  and  his  conclusion  can 
not  be  accepted  that  this  record  may  be  taken  as  an  approximate 
minimum  for  streams  in  the  Santa  Ynez  Mountains,  particularly  as 
there  was  at  Santa  Barbara  in  the  month  of  January  a  precipitation 
of  6.84  inches,  which  should,  in  all  probability,  have  yielded  a  flood 
condition  in  the  streams. 

Purslow's  surveys  of  the  capacity  of  the  Juncal  reservoir  site  practi- 
cally confirm  those  by  Wright,  already  stated.  The  site  is  one  of  con- 
siderable merit,  and  possibly  the  dam  should  be  built  ultimately  in 
connection  with  supplementing  the  storage  capacity  of  the  lower  dams. 
The  Gibraltar  reservoir  site,  below  the  Mono  on  the  trunk  stream, 
however,  offers  a  very  much  cheaper  storage  capacity  and  a  much 
larger  available  supply.  Purslow  probably  overestimates  the  under- 
flow at  the  Main  River  site. 

Purslow  proposes  using  a  riveted-steel  pressure  pipe  line  to  divert 
the  water  to  Santa  Barbara;  probably  the  life  of  this  pipe  line  would 
not  be  more  than  fifteen  years.  I  lis  detailed  estimate  of  the  cost  is 
$300,000  to  obtain  water  from  the  Juncal.  The  dam  which  he  pro- 
poses is  to  be  100  feet  high,  with  a  storage  capacity  of  1,023  million 
gallons.  He  estimates  the  minimum  season's  supply  as  400  million 
gallons,  and  considers  an  annual  draft  of  600  million  gallons  (equal  to 
1,845  acre-feet)  as  the  amount  that  might  be  obtained  from  the 
reservoir  with  that  dam. 

It  is  here  estimated  that  the  run-off  from  the  Juncal  would  have 
been  in  minimum  years  as  follows: 

Run-off  from  Juncal  reservoir. 

Acre-feet. 

1869-70. 603 

1870-7 1 335 

1897-98 0 

1898-99 .   l,  114 

1899-1900 l,  367 

It  must  be  remembered  that  these  estimates  are  only  approxima- 
tions based  upon  observations  on  other  streams  somewhat  similarly 
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situated  and  are  not  absolute.  However,  they  are  believed  to  be  fair 
conclusions  from  the  best  available  data,  and,  using  them,  we  can  not 
accept  the  conclusion  that  1,845  acre-feet  of  water  could  annually 
be  withdrawn  from  this  reservoir  site.  This,  however,  does  not  con- 
demn the  site,  if  it  is  used  in  connection  with  the  lower  site  to  supple- 
ment the  supply  in  dry  years.  It  is  believed  that  ultimately  this 
reservoir  may  be  constructed  for  this  purpose,  but  it  is  not  believed 
that  it  is  wise  to  base  a  water  supply  for  the  city  of  Santa  Barbara  on 
it  alone  with  its  drainage  basin  of  but  13  square  miles. 

REPORT  OF  R.  B.  CANFIELD,   1896. 

On  July  28,  1896,  Mr.  R.  B.  Canfield,  president  of  the  Santa  Bar- 
bara Water  Company,  made  a  report  supplemental  to  that  of  Purslow. 
Mr.  Canfield's  conclusions  are  also  of  interest  because  of  his  intimate 
and  accurate  knowledge  of  the  water  situation  near  Santa  Barbara, 
on  the  south  of  the  Santa  Ynez  Mountains.  It  must  be  remembered 
that  the  measurements  of  Wright  to  which  he  refers  were  made  in  a 
year  of  excessive  stream  flow. 

Canfield  says: 

Mr.  Wright  found  all  the  streams  east  of  Santa  Barbara,  together  with  Mission  Creek — 9 
streams  in  all — to  be  yielding  daily  1,650,000  gallons,  and  the  15  creeks  west  of  Mission 
Creek,  to  and  including  the  Refugio,  to  be  yielding  daily  1,725,000  gallons,  but  he  justly 
dismisses  the  idea  of  obtaining  the  needed  supply  from  these  sources  as  impracticable, 
partly  owing  to  the  expense  of  gathering  and  conveying  the  supply  from  so  many  points 
and  over  so  long  distances,  and  partly  owing  to  the  fact  that  all  this  water  is  claimed  by 
riparian  owners  and  individual  water  claimants  and  water  companies  organized  to  supply 
districts  adjacent  to  some  of  the  streams.  It  is  well  known  that  the  demand  for  this  water, 
especially  in  the  neighborhood  of  this  city,  is  beyond  the  capacity  of  all  the  streams  to  supply, 
and  it  is  obvious  that  the  expense  of  obtaining  water  from  these  sources  would  be  pro- 
hibitive. 

All  the  streams  (excepting  the  flow  of  the  Hot  Springs)  on  the  south  slope  of  the  range 
east  of  Mission  Creek  as  far  as  Romero  Can}Ton,  8  miles  distant,  were  yielding  when  meas- 
ured in  the  summer  of  1889  a  total  daily  flow  of  500,000  gallons,  while  the  creeks  west  of 
Mission  Canyon  to  and  including  San  Jose  Creek,  7  miles  distant,  were  yielding  a  total 
daily  flow  of  only  475,000  gallons,  notwithstanding  the  comparatively  abundant  rainfall 
of  preceding  seasons.  Even  though  these  were  the  minimum  quantities  to  be  obtained 
in  the  dry  season  from  these  streams  (which  is  far  from  being  the  case)  and  it  were 
possible  to  bring  them  all  to  Santa  Barbara  for  the  supply  of  the  city,  whether  by  surface 
diversion  or  by  means  of  tunnels  in  their  neighborhood,  which  would  intercept  the  supplies 
and  drain  their  channels,  it  would  not  be  desirable  to  do  so.  Santa  Barbara,  if  she  could 
afford  the  expense  necessary  for  the  acquisition  of  these  waters,  could  not  afford  the  loss 
she  would  suffer  by  the  destruction  of  the  prosperity  and  beauty  of  her  suburbs  of  Montecito 
and  Goleta.  The  prosperity  of  Santa  Barbara  depends  in  a  large  measure  upon  that  of 
the  neighboring  rural  districts,  as  does  theirs  upon  that  of  the  city.  To  the  extent  to  which 
the  city  deprives  the  suburbs  of  their  natural  water  supply,  it  injures  itself. 

During  the  last  spring  borings  were  made  under  the  direction  of  the  city  engineer  west 
of  the  city  in  the  hope  of  finding  considerable  underground  currents,  but  without  success. 
The  subterranean  waters  in  the  eastern  part  of  the  ctiy  are  tapped  by  the  wells  of  the 
Santa  Barbara  Water  Company  for  the  supply  of  its  pumping  plantj  but  all  efforts  to 
obtain  the  large  additional  supply  which  the  city  needs  from  these  and  other  sources  have 
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only  tended  to  confirm  the  soundness  of  Mr.  Wright's  conclusion  when  he  said:  "I  con- 
sider Santa  Ynez  River  above  the  mouth  of  Blue  Canyon  to  be  not  only  an  available 
source  of  supply,  but  the  only  source  possible  for  the  future  supply  of  Santa  Barbara  with 
an  abundance  of  good  potable  water." 

Water  is  now  sold  in  Santa  Barbara  at  the  rate  of  about  16  cents  per  thousand  gallons 
to  the  city  for  street-sprinkling  purposes  (at  the  rate  of  $35,000  per  year  for  1  second-foot) 
and  to  private  consumers  at  from  20  to  25  cents  per  thousand  gallons,  which  are  moderate 
rates  as  compared  with  those  realized  in  some  other  cities  in  this  State;  and  it  is  believed 
that  although  the  development  of  the  business  in  the  future  may  justify  some  reduction  of 
rates,  an  average  rate  of  15  cents  per  thousand  gallons  at  least  can  be  calculated  upon. 
The  city  requires  for  its  immediate  needs  at  least  1,000,000  gallons  of  water  daily,  and  its 
steady  growth,  soon  to  be  accelerated  by  the  completion  of  the  railroad  to  San  Francisco, 
will  be  constantly  increasing  this  demand. 

REPORT  OF  J.  LINN   MOYER,   1902. 

MONO   SITE. 

On  August  5,  1902,  Mr.  J.  Linn  Moyer,  city  engineer  of  Santa  Bar- 
bara, made  a  report  based  on  a  reconnaissance  through  portions  of 
the  drainage  basin  of  Santa  Ynez  River,  particularly  examining  a  new 
reservoir  site  suggested  by  Mr.  Frank  E.  Kellogg,  which  the  latter 
had  observed  on  Mono  Creek,  the  largest  tributary  of  the  upper  por- 
tion of  Santa  Ynez  River.  Moyer  made  a  favorable  report  on  this 
situation,  based  on  this  reconnaissance,  and  made  recommendations 
that  further  examinations  be  made.  It  was  his  judgment  that  the 
reservoir  site,  which  is  called  the  Mono  site,  was  a  good  one  and  that 
the  water  supply  available  would  be  ample  to  meet  the  necessities 
of  the  city.  Pis.  Ill,  A,  and  IV,  A,  B,  show  views  of  the  Mono  dam 
and  reservoir  sites.     He  recommended  as  follows: 

1.  That  the  exact  elevation  of  the  dam  site  be  determined  in  order  to  ascertain  whether 
or  not  the  water  could  be  conducted  to  the  city  tunnel. 

2.  That  borings  and  excavations  be  made  on  the  dam  site  to  ascertain  the  depth  of  bed 
rock  and  the  quality  of  same. 

3.  That  a  topographical  survey  be  made  of  the  reservoir  basin  in  order  to  determine  the 
height  necessary  to  construct  the  dam,  and  also  to  determine  the  amount  and  location  of 
land  necessary  to  be  purchased. 

4.  That  an  option  be  obtained  on  the  land  necessary  to  be  purchased,  as  will  be  shown 
by  the  topographical  survey. 

5.  That  a  chemical  analysis  be  made  of  the  waters  of  Mono  Creek. 

6.  That  the  grade  of  the  present  city  tunnel  We  reduced  to  the  lowest  possible  rate. 

Moyer  found  that  a  provision  should  be  made  to  furnish  a  continu- 
ous supply  of  1  million  gallons  per  day  in  addition  to  the  present  flow 
of  the  tunnel  in  order  to  fully  supply  the  entire  present  population  of 
the  city. 

CONCLUSIONS  DRAWN  FROM  FOREGOING  REPORTS. 

The  foregoing  reports  have  been  reviewed  in  extenso  because  doing 
so  brings  these  investigations  up  to  date  and  also  because  they  furnish 
a  proper  basis  from  which  to  start  on  the  present  investigations.     It 
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will  be  seen  that  all  of  these  distinguished  authorities,  each  one  of 
whom  was  intimately  acquainted  with  the  local  situation,  agree  on 
the  following  vital  points: 

1.  That  the  present  supply  of  water  for  the  city  of  Santa  Barbara 
is  inadequate  and  that  unless  it  is  increased  the  material  develop- 
ment of  the  town  will  be  seriously  impeded. 

2.  That  there  is  no  adequate  water  supply  within  a  reasonable 
limit  of  the  city  of  Santa  Barbara  on  the  south  side  of  the  range  from 
which  the  city  could  be  supplied,  and  even  if  the  water  of  such  small 
streams  as  there  are  could  be  obtained  it  would  be  at  a  sacrifice  of 
existing  development. 

3.  That  it  is  feasible  and  desirable  to  obtain  an  adequate  supply  of 
water  from  the  drainage  basin  of  Santa  Ynez  River,  and  that  this  can 
be  done  at  a  profit. 

The  writer  has,  therefore,  taken  up  the  consideration  of  the  subject 
at  this  point  and  prepared  estimates  of  cost,  etc. 

POPULATION  AND  CONSUMPTION  OF  WATER. 

The  population  of  Santa  Barbara,  according  to  the  enumeration  of 
the  United  States  Census,  is  as  follows : 

Population  of  Santa  Barbara. 

1870 2, 889 

1880 3, 460 

1890 5, 864 

1900 6,  587 

1905  (estimated) 10, 000 

1910  (estimated) 12, 500 

The  rate  of  growth  of  Santa  Barbara  was  most  rapid  from  1880  to 
1890,  but  it  has  always  shown  a  substantial  increase  in  population. 
Projecting  it  into  the  future  we  obtain  the  populations  for  1905  and 
1910  as  stated  above.  It  is  believed  by  the  other  engineers,  as  well 
as  the  writer,  that  the  development  of  the  city  is  largely  dependent 
upon  an  adequate  water  supply,  not  only  in  the  city  but  upon  the 
adjacent  suburban  property.  If  this  is  once  obtained  it  may  be 
expected  that  the  population  will  more  rapidly  increase.  Among 
people  looking  for  future  homes,  especially  in  the  West,  the  water 
question  is  considered  one  of  prime  importance  in  the  selection  of  a 
residence.  At  present  (1903)  the  municipal  waterworks  has  some 
709  taps  through  which  water  is  served,  and  the  Santa  Barbara 
Water  Company  has  about  900,  making  a  total  of  1,609  taps,  serving 
a  population  of  about  8,045  persons.  The  Gates  system  supplies  50 
taps  more. 

In  May,  1902,  301  meters  of  the  municipal  waterworks  indicated 
81  gallons  per  capita  daily  consumption.     In  June,  1902,  329  meters 
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indicated  a  consumption  of  82  gallons  per  capita.  In  July,  1902,  369 
meters  indicated  a  consumption  of  75.5  gallons  per  capita  per  day. 

It  will  be  seen  that  55  per  cent  of  the  city's  services  are  metered. 
It  is  estimated  that  15  gallons  per  capita  per  day,  not  included  in  the 
above  rate,  are  used  in  public  buildings  and  in  street  sprinkling.  It 
would  probably  be  fair  to  say,  using  round  numbers,  that  the  present 
consumption  of  the  city  is  100  gallons  per  capita  per  day.  This  is  a 
rather  lowrate  of  consumption  for  a  ( Jalifornia  city ,  and  in  all  probabil- 
ity the  city  would  use  to  advantage  more  water  if  it  were  avail- 
able at  reasonable  prices.  The  consumption  in  Los  Angeles  before 
meters  were  introduced,  in  the  summer  of  1901,  was  306  gallons  per 
capita  per  day.  After  the  introduction  of  several  thousand  meters  it 
is  now  242  gallons  per  capita  per  day.  The  water  commissioners  of 
that  city  in  their  annual  report  for  L902  estimate  that  a  reasonable 
consumption  would  be  150  gallons  per  capita  per  day  for  metered 
services.  The  city  of  San  Jose,  in  L890,  was  using  194  gallons  per 
capita  daily.  Wright,  in  his  reporl  to  the  city,  estimated  on  a  con- 
sumption of  200  gallons,  and  Purslow  considered  that  130  gallons 
should  be  sufficient. 

Considering  the  evidence  in  the  case,  it  is  believed  that,  i.t  is  desir- 
able, for  the  proper  development  of  the  city,  improvements  of  lawns, 
gardens,  etc.,  that  150  gallons  daily,  as  an  average  for  the  year,  should 
be  used,  and  this  has  been  adopted  as  a  proper  basis  for  this  report. 

In  considering  the  storage  of  Hood  waters  necessary  to  meet  this 
situation,  it  has  been  estimated  that  60  per  cent  of  the  water  supply 
would  be  used  in  the  six  summer  months,  and  10  per  cent  in  the 
six  winter  months.  The  question  of  evaporation  from  reservoirs 
is  an  important  one  in  estimating  on  a  storage  system.  It  is  believed 
that  the  annual  evaporation  from  reservoirs  in  the  basin  of  the 
Santa  Ynez  would  be  approximately  42  inches  in  depth,  07 \  per 
cent  of  this  occurring  in  the  six  summer  months,  and  32J  per  cent 
in  the  six  winter  months.  From  a  study  of  the  monthly  rainfall 
tables  of  precipitation  occurring  at  Santa  Barbara  (see  table  11) 
it  appears  that  there  would,  in  all  probability,  have  been  no  material 
addition  to  the  waters  stored  in  any  reservoirs  in  this  locality  from 
May  1,  1876,  to  December  1,  1x77,  a  period  of  nineteen  months. 
Again,  between  April  1,  L897,  and  October  1,  1898,  or  for  a  period 
of  eighteen  months,  there  would  have  been  no  material  addition. 
It  will  be  necessary,  therefore,  in  order  to  prepare  for  the  worst  condi- 
tion that  will  probably  occur  in  the  future,  as  judged  by  a  record 
of  thirty-six  years'  rainfall  in  the  past,  to  construct  reservoirs  that 
will  hold  a  supply  of  water  for  a  period  of  nineteen  months  of  con- 
tinuous withdrawal  without  replenishment. 

With  a  population  of  10,000  persons  in  1905,  reasonably  within 
sight  and  necessary  to  immediately  prepare  for,  at  150  gallons  per 
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day,  there  will  be  a  consumption  of  1,500,000  gallons  daily.  This 
amount  of  water  withdrawn  for  a  period  of  nineteen  months  will 
require  2,826  n  acre-feet  for  actual  domestic  uses.  It  is  also  neces- 
sary to  provide  for  a  loss  by  evaporation  of  about  692  acre-feet 
(for  a  reservoir  of  this  size  for  nineteen  months),  or  a  total  of  3,518 
acre-feet  for  use  and  evaporation  during  the  worst  period  of  drought 
that  the  city  will  probably  ever  have  to  face. 

Reducing  it  to  a  monthly  withdrawal,  there  will  be  required  for 
summer  use  170  acre-feet,  for  summer  evaporation  about  45  acre- 
feet,  and  for  summer  use  and  evaporation  215  acre-feet. 

From  surveys  that  have  been  made  of  the  reservoirs,  described 
later  in  this  report,  it  appears  that  a  dam  85  feet  high  at  the  Mono 
site,  impounding  water  to  a  depth  of  75  feet,  will  give  storage  capac- 
ity for  3,880  acre-feet  of  water— enough  to  meet  the  above  needs, 
even  assuming  the  severe  conclusions  that  no  permanent  supply 
can  be  relied  upon  from  the  tunnel,  and  that  the  municipality  is 
to  furnish  all  the  water  for  the  town.  Similarly  a  dam  100  feet 
high  at  the  Gibraltar  site  (see  p.  55)  would  give  an  equal  capacity 
and  have  tributary  thereto  a  larger  and  better  water  supply. 

NEAR-BY   SUPPLIES. 

The  question  of  local  water  supply  on  the  south  side  of  the  range 
was  extensively  discussed  under  the  review  of  the  reports  of  Wright, 
Purslow,  and  Canfield.  Generally  speaking,  the  amount  now 
available  for  the  city  may  be  taken  in  average  years  as  300,000 
gallons  daily  from  Mission  Creek,  300,000  gallons  from  the  De  la 
Guerra  wells  (statement  by  Purslow),  and  350,000  gallons  from 
the  city  tunnel,  making  950,000  gallons  to  meet  an  estimated  normal 
present  demand  of  1,200,000''  gallons,  or  a  deficit  daily  of  250,000 
gallons. 

a  One  acre-foot  is  equivalent  to  325,851  gallons. 
&On  basis  of  15(1  gallons  per  day  for  8,000  persons. 
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The  following  measurements  of  Mission  Creek  taken  at  various 
times,  as  stated,  may  be  of  interest  in  this  connection : 

Table  4. — Dischanjt  measurements  on  Mission  Creek. 


Date. 


Hydrographer. 


1888. 
Jan.  15 
24 
Feb.  7 
Mar.  16 
July  26 
29 

1889. 
July  13 
17 
Aug. 

18 
Sept.   1 

1892. 
June  1 1 

1894. 
June  28 

L900. 
May  10 
June  17 


A.  Poett. 


do. 


do. 


.do. 
.do. 

do. 


do. 

G.  F.  Wright. 
A.  Poett 

do 


Flourney. 


....do... 
L.  Moyer. 


Discharge 
in  second- 
feet. 'i 


0.93 
2.80 
1.37 
2.  23 
.  36 
.  28 

.  13 
.  36 
.31 
.21 
.  32 

.36 

.21 

.25 
.045 


Callous  per 
day. 


605,  594 
18,200,000 
888,  552 
1,  152,000 
233,000 
184,747 

282, 609 
232, 551 
219,672 
137,052 
206,  821 

232. 673 

155,115 

1(11,600 

6  29, 084 


a  ( >ne  second-foot  is  equivalent  to  50  miner's  inches, 
b  \.bove  diversion  nol  on  bed  rock,  200  feel  above  dam. 

Table  5.     Measurements  in  Mission  Canyon. 

[50  miner's  inches     1  cubic  fool  per  second.] 
AT  NOTCHED  WK  1 1:  Nh  \i:    PORTAL  OF   PROPOSED  NEW    CITY  MISSION  TUNNEL. 


Date. 

Time. 

Bydrographer. 

Discharge 

ill  inclii  s. 

1903. 
Aug.     14 

2.  30  p.  m 

8.30  a.  m 

R.  L.  North  and  J.  Compton                       

6.367 

15 

do 

9.474 

15 

9  a.  m 

do 

8.817 

15 

9.30  a.  m 

do 

8.817 

15 

10  a.  m 

do 

8.689 

15 

10.30  a.  m 

do 

8.140 

LIPPINCOTT.] 
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Table  5. — Measurements  in  Mission  Canyon — Continued. 
AT  NOTCHED  WEIR  NEAR  PORTAL  OF  PROPOSED  NEW  CITY  MISSION  TUNNEL— C't'd. 


Date. 

Time. 

Hydrographer. 

Discharge 
in  inches. 

.  1903. 
Aug.     15 
15 

11  a.  m 

R.  L.  North  and  J.  Compton 

7.823 

11.30  a.  m 

do 

7.832 

15 

12  m 

do 

7.242 

15 

12.30  p.  m 

do 

6.959 

15 

1  p.  m 

do 

6.  363 

15 

1.30  p.  m 

do 

6.109 

15 

2  p.  m 

do 

5.  600 

15 

2.30  p.  m 

do 

5.  359 

15 
15 

3.  p.  m 

3.30  p.  m 

do 

do 

5.  220 
4.851 

15 

4  p.  m 

do 

4.851 

15 

4.30  p.  m 

do 

4.851 

15 

5  p.  m 

do 

5.042 

AT  OLD  MISSION  DAM. 


1903. 

ig.    22 

6.30  p. 

hi 

23 

9.10  a. 

in 

24 

8.25  a. 

m 

24 

6.15  p. 

m 

25 

7.45  a. 

in 

27 

7.15  a. 

in 

L.  M.  Hyde  and  R.  L.  North. 
do 


L.  M.  Hyde,  R.  L.  North,  and  G.  D.  Morrison. 
...do 


L.  M.  Hyde  and  R.  L.  North 

R.  L.  North,  R.  F.  Wyckoff,  and  G.  D.  Morrison. 


AT  NOTCHED  WEIR  AS  ABOVE. 


1903. 

Aug.    27 

27 

8.30  a.  m 

9  a.  m 

R.  L.  North  and  R.  F.  Wyckoff 

do 

9.080 
9.080 

27 

1  p.  m 

do 

7.070 

27 

1.30  p.  m 

do 

6.420 

27 

2  p.  m 

do.. 

5.750 

27 

2.30  p.  m 

do 

5.750 

27 

3  p.  m 

do 

5.410 

27 

3.30  p.  m 

do 

4.950 

27 

4  p.  m 

do 

4.990 

27 

4.30  p.  m 

do 

4.^990 

27 

5  p.  m 

do 

4.810 
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Table  5. — Measurements  in  Mission  Canyon — Continued. 
AT  OLD  MISSION  DAM. 


Date. 

Time. 

Bydrographer. 

Discharge 
in  inches. 

1903. 
Oct,       3 

2.20  p.  m 

J.  L.  Moyer,  T.  B.  Curlew  and  D.  Boyle 

5.320 

AT  NOTCHED  WE  IK   AS   ABOVE. 


1903. 


9.30  a.  in do. 

10  a.  m -d«>. 

10.30  a.  m .do. 

11a.  in do. 


m...  .    L.  M.  Hyde  and  C.  M.  Elliott 7. 

8.30  a,  rn do |       7. 

9  a.  in do 6. 


12  m 

do 

12.30  p.  m.. 

do 

1  p.  m. . . 

do 

1.30  p.  m.. 

do 

2  p.  in . . . 

do.... 

2.30  p.  m 

3  p.  in 

C.  M.  Elliott 

do 

3.30  p.  in 

do 

4  p.  in 

do 

4.30  p.  in 

do 

.")  j).  in 

8.30  a.  m. 

do 

G.  1).  Morrison. 

9  a.  m 

do 

9.30  a.  in 

do 

10  a.  in 

do 

10.30  a.  in 

do 

11  a,  m 

do 

11.30  a.  m 

do 

12  Til 

do... 

12.30  p.  in 

do 

1  p.  m 

do.. 

1.30  p.  m 

do 

2  p.  m 

do... 

2.30  p.  m 

do... 

3  p.  m 

do.. 

3.30  p.  m 

do 

LIPriNCOTT.] 


MISSION    CREEK, 
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Table  5. — Measurements  in  Mission  Canyon — Continued. 
AT  NOTCHED  WEIR  AS  ABOVE-Continued. 


Date. 

Time. 

Hydrographer. 

Discharge 
in  inches. 

1903. 

Nov.      4 

4  p.  m 

G.  D.  Morrison 

5.750 

4 

4.30  p.  in        

...do 

5.600 

16 

8.30  a.  m 

9  a.  m 

R.  F.  Wyckoff 

8.689 

16 

do 

7.  945 

16 

9.30  a.  m 

do 

7.  299 

16 

10  a.  in 

do : 

7.242 

16 
16 

10.30  a.  m 

11a.  m 

do 

do 

6.595 
6.792 

16 
16 

11.30  a.  in 

12  in 

do 

...do 

.    6.687 
6.  420 

16 
16 

12.30  p.  m 

1  p.  m. . . 

do 

..do 

6.  314 
6.314 

16 

1.30  p.  m 

do 

5.  853 

16 

2  p.  m 

do 

5.600 

16 

2.30  p.  m 

do 

5.  269 

16 

3  p.  in 

do 

5.  131 

16 

3.30  p.  in 

do 

4.  950 

16 

4  p.  ni 

...do 

4.  851 

16 

4.30  p.  m 

..do 

4.  680 

28 

8.30  a.  in 

9  a.  m 

R.  L.  North 

6.  370 

28 

...do 

(>.  690 

28 

9.30  a.  m 

.    ..do 

6.000 

28 

10  a.  m 

.  ...do 

5.  900 

28 
28 

10.30  a.  m 

11  a.  in 

do 

do.                       

5.  650 
5.  650 

28 
28 

11.30  a.  m 

12  m. . . 

do 

do 

5.  510 
5.510 

28 

1  p.  m 

.     ..do 

5.040 

28 

1.30  p.  m 

do 

4.850 

28 

2  p.  m 

do 

4.720 

28 

2.30  p.  m. 

do 

4.680 

28 
28 

3  p.  m 

3.30  p.  m 

do 

do 

4.680 
4.340 

28 

4  p.  m 

do 

4.  300 

28 

4.30  p.  m 

...do 

4.130 

28 

5  p.  m 

do 

3.970 

Dec.     24 

10.30  a.  m 

11  a.  m. . . 

G.  D.  Morrison 

7.470 

24 

do 

6.560 

24 

11.30  a.  m 

do 

6.370 

30 
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Table  5. — Measurements  in  Mission  Canyon — Continued. 
AT  NOTCHED  WEIR  AS  ABOVE— Continued. 


Date. 

Time. 

Hydrographer. 

Discharge 

in  inches. 

1903. 
Dec.     24 
24 

12  m 

G.  D.  Morrison 

6.210 

12  30  p.  m 

...do 

6.160 

24 

do 

6.160 

24 

1.30  p.  m 

do 

5.  950 

24 

do - 

5.600 

24 

2  30  p  m 

do 

5.  460 

24 

.do 

5.320 

24 

3.30  p.  in 

do 

5.  080 

24 

4  p.  in  . . 

do 

5.  040 

1904. 
Feb.     29 

11.15  a.  in 

3.30  p.  in  . . 

L.  M.  Hyde 

18.  190 

Mar.     14 

..do 

Hi.  310 

AT  OLD  MISSION  DAM. 


Table  6.     Measurements  in  Rattlesnah  Canyon. 

AT  NOTCH  K  I  >  WEIR  ABOUT  200  FEET  UPSTREAM  FROM  WHERE  WATER  IS  DIVERTED 
FOR  SANTA  BARBAR  V   WATER  SUPPLY. 

[50  miner's  inches    1  cubic  foot  per  second.] 


Date. 

Time. 

Eydrographer. 

Discharge 
in  inches. 

1903. 
Aug.    17 
17 

8.30  a.  in 

9  a.  in 

R.  L.  North 

do... 

and  J.  Coin  pi  on 

2.507 
2.596 

17 

9.30  a.  in 

do 

2.507 

17 

10  a.  in 

do 

2.216 

17 

10.30  a.  in 

do 

2  216 

17 

11  a.  in 

do... 

2.216 

17 

11.30  a.  in 

do..    . 

2.261 

17 

12  m 

do 

2.261 

17 

12.30  p.  m 

do 

2.216 

17 

1  p.  m 

do 

2.261 

17 

1.30  p.  m 

do 

2.216 

17 

2  p.  m 

do 

2.216 

LIPPINCOTT. 
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Table  6. — -Measurements  in  Rattlesnake  Canyon — Continued. 

AT  NOTCHED  WEIR  ABOUT  200  FEET  UPSTREAM  FROM  WHERE  WATER  IS  DIVERTED 
FOR  SANTA  BARBARA  WATER  SUPPLY— Continued. 


Time. 


2.30  p.  in.. 

3  p.  m 

3.30  p.  m.. 

4  p.  m 

4.30  p.  m.. 

5  p.  ni 

3.45  p.  m_. 
8.30  a.  m. . 

9  a.  in 

9.30  a.  in. . 

10  a.  in 

10.30  a.  m. 

11  a.  m 

11.30  a.  m. 

12  in 

12.30  p.  in. 

1  p.  m 

1.30  p.  m.. 

2  p.  m 

2.30  p.  m.. 

3  p.  m 

3.30  p.  m.. 

4  p.  m 

4.30  p.  m.. 

5  p.  m 

9.30  a.  m. . 

10  a.  m.... 
10.30  a.  in. 

11  a.  in 

11.30  a,  m. 

12  m 

12.30  p.  m. 

1  p.  in 

1.30  p.  m.. 

2  p.  m 

2.30  p.  m. . 

3  p.  m 

3.30  p.  m.. 

4  p.  m, , . . . 


Hydrographer. 


R.  L.  North  and  J.  Compton 

...do 

...do 

...do 

....do 

...do 

J.  L.  Moyer,  T.  B.  Curley,  and  D.  Boyle 

R.  L.  North 

....do 

....do 

...do 

...do 

....do 

....do 

...do 

....do 

....do 

do 

do 

do 

do..... 

do 

do 

do 

do 

G.  D.  Morrison 

do 

do 

do 

do 

do 

do 

.....do 

do 

do 

do : 

do...     

do 

do 


Discharge 
in  inches. 


2.  132 

2.080 
2.080 
2.080 
2.080 
2.216 
2.261 
1.772 
1.627 
1.492 
1.582 
1.471 
1.582 
1.582 
1.302 
1.448 
1.403 
1.242 
1.  471 
1.302 
1.262 
1.403 
1.514 
1.448 
1.514 
1.871 
1.847 
1.897 
1.822 
1.797 
1.797 
1.746 
1.772 
1.772 
1 .  651 
1.746 
1.722 
1.722 
1.772 
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Table  6. — Measurements  in  Rattlesnake  Canyon    -Continued. 

AT  NOTCHED  WEIR  ABOUT  200  FEET  UPSTREAM  FROM  WHERE  WATER  IS  DIVERTED 
FOR  SANTA  BARBARA  WATER  SUPPLY— Continued. 


Date. 

Time. 

Bydrographer. 

Discharge 

in  inches. 

1902. 
Nov        3 

4.30  p.  in 

G.  D.  Morrison 

1.772 

15 

R.  F.  Wyckoff 

2.360 

L5 

9  30  a   m 

do 

2.360 

15 

10  a.  m 

10.30  a.  in 

..do 

2.272 

15 

.     do 

2.  160 

15 

11  a.  m... 

do 

2.  160 

1  1.30  a.  m 

do 

2.  132 

15 

12    in 

do 

2.  132 

15 

12.30  p.  in 

do 

2.080 

i;> 

1  p.  m     

do 

2.  0S0 

15 

1.30  p.  in 

....     do 

2.080 

15 

2  |  > .  1 1 1      

do 

1 .  972 

15 

2.30  p.  in 

....    do 

2.051 

15 

3  p.  in 

do 

2.080 

15 

3.30  p.  in 

do 

2.  051 

15 

1  ]).  in 

do 

2.  051 

i:, 

1.30  p.  in 

do 

2.080 

28 

8.30  a.  in 

9  a.  m 

(■.  1).  Morrison 

2.  loo 

28 

do 

2.  110 

28 

9.30  a.  in 

do 

2  030 

28 

10  a.  in 

do 

2.050 

28 

L0.30a.  in 

do. 

2.  000 

28 

11   a.  in 

do 

1.950 

28 

11.30  a.  in 

do 

1.950 

28 

12  in 

do 

1.900 

28 

12.30  p.  in 

do 

1.950 

28 

1  p.  in 

1.30  p.  m 

do 

1.900 

28 

do 

1.850 

28 

2  p.  in... 

2.30  p.  in 

do 

1.820 

28 

do 

1.820 

28 

3  p.  in 

do 

1 .  770 

28 

3.30  p.  in 

do 

1.720 

28 

4  p.  in 

do 

1.7.50 

Dec.     23 

9  a.  in 

do 

2.  510 

23 

9.30  a.  m 

do.... 

2.510 

23 

10  a.  m 

do. 

2.480 

23 

10.30  a.  m 

do 

2.480 

23 

11  a,  m 

do 

2390 

23 

11.30  a.  m 

do 

2.360 

U.   S.    GEOLOGICAL   SURVEY 


WATER-SUPPLY    PAPER    NO.    116       PL.    V 


BULKHEAD   AND   DISCHARGE   PIPES   IN   OLD   CITY  TUNNEL,   COLD  SPRINGS  CANYON. 
A,  End  view;    B,  plan;    C,  longitudinal  section. 
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Table  6. — Measurements  in  Rattlesnake  Canyon— Continued. 

AT  NOTCHED  WEIR  ABOUT  200  FEET  UPSTREAM  FROM  WHERE  WATER  IS  DIVERTED 
FOR  SANTA  BARBARA    WATER  SUPPLY— Continued. 


Date. 

Time. 

Hydrographer. 

Discharge 
In  inches. 

1903. 
Dec.     23 

12  m 

12.30  p.  m 

G.  D.  Morrison 

2.  360 

23 

do 

2.270 

23 

1  p.  ra 

1.30  p.  m.. 

. .  .    do 

2.270 

23 

..do 

2.  330 

23 

2  p.  m 

..do 

2.  360 

23 

2.30  p.  in  . 

..do 

2.360 

23 

3  p.  m. . . 

....do 

2.360 

23 

3.30  p.  m... 

...do 

2.390 

23 

4  p.  m 

...do 

2.450 

1904. 
Apr.       7 

1.45  p.  m 

L.  M.  Hyde 

12.  460 

DE  LA   GUERRA   WELLS. 

At  the  De  la  Guerra  pumping  station  there  are  seven  cased  wells 
from  200  to  700  feet  deep.  These  discharge  into  a  concrete  well  25 
feet  in  diameter  and  30  feet  deep,  having  a  capacity  of  110,160  gal- 
lons. This  well  fills  during  the  night  and  is  pumped  out  during  the 
day.  If  the  wells  are  considered  as  discharging  as  much  during  the 
day  as  they  do  during  the  night  when  the  tank  is  filling,  their  flow 
at  present  is  about  220,000  gallons  daily  and  is  (in  1903)  decreasing. 
As  the  pumps  run  more  than  twelve  hours  each  day  the  output  is  cor- 
respondingly greater.  There  is  installed  at  this  station  one  Prescott 
pump  of  1J  million  gallons  nominal  capacity  and  one  Worthington 
pump  of  1  million  gallons  capacity  daily.  The  pumps  discharge 
directly  into  the  city  mains  and  work  against  a  pressure  head  of 
irom  100  to  120  pounds.  Mr.  Wright  states  that  in  August,  1889, 
a  six-day  test  of  these  wells  indicated  a  capacity  of  600,000  gallons 
daily.  It  is  stated  that  these  wells  afterwards  failed  and  that  deeper 
wells  were  then  sunk,  from  which  the  present  supply  is  now  obtained. 

CITY  TUNNEL. 

In  the  month  of  January,  1896,  the  city  of  Santa  Barbara  started  a 
tunnel  for  the  development  of  water  in  sec.  36,  T.  5  N.,  R.  26  W.,  San 
Bernardino  meridian.  The  tunnel  has  been  successful  in  this  particu- 
lar and  has  been  of  inestimable  service  to  the  city  in  sustaining  it 
through  the  period  of  intense  drought  of  the  last  few  years.  The 
tunnel  is  7  feet  high  and  5  feet  wide  at  the  base.  The  elevation  of 
irk  116  -05 3 
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the  portal  is  approximately  1,400  feet  above  sea  level,  and  it  was 
driven  for  the  first  4,800  feet  of  its  length  on  a  grade  of  1  foot  in  100. 
The  purpose  in  running  the  tunnel  at  first  was  solely  to  develop  water 
and  not  with  the  intention  of  extending  it  on  through  the  mountains. 
It  will  be  noted  from  the  table  of  discharge  that  during  its  construc- 
tion the  discharge  was  surprisingly  constant,  irrespective  of  length. 
Enough  water  is  thus  obtained  for  a  number  of  consumers,  but  not 
enough  to  supply  a  large  town  or  city.  The  amount  of  water  which 
was  extracted  from  the  mountain  was  sufficient  to  pay  for  the  cost  of 
the  excavation.  It  is  quite  possible  that  in  years  of  ordinary  rain- 
fall the  unregulated  flow  of  water  from  the  tunnel  would  have  been 
more  constant,  but  the  years  of  construction  were  ones  of  unusual 
drought.  However,  from  the  fact  that  the  water  supply  has  not  been 
materially  increased  by  lengthening  the  tunnel,  and  that  the  How 
of  the  water  pays  for  the  cost  of  the  work,  it  has  been  a  natural  and 
logical  sequence  that  the  city  should  contemplate  the  extension  of 
this  or  sonic  other  tunnel  entirely  through  the  Coast  Range  into  the 
drainage  basin  of  the  Santa  Ynez  in  order  to  make  available  the 
water  of  this  large  mountainous  area.  The  tunnel  work  has  been 
carried  on  with  intelligence,  the  power  from  the  water  coming  there- 
from being  conducted  through  pressure  pipes  and  used  for  the  run- 
ning of  drills  for  the  excavation  work. 


COST    oi'    TUNNEL. 

As  a  guide  to  what  the  city  may  expect  in  the  future,  the  expense 
of  doing  this  tunnel  work  is  of  interest.  It  will  he  noted  that  there 
has  been  variation  in  the  cost,  owing  to  local  conditions  of  the  labor 
market,  etc.  The  city  has  installed  the  machinery  necessary  for 
doing  the  work,  and  the  contractor  has  furnished  the  labor  and 
material  necessary  for  its  prosecution  at  the  rate  named  in  the  table. 
Table  7.    Cost  of  labor  and  material  in  driving  city  tunnel. 


Distance  excavated. 

Price  per 

foot. 

I  listance  exca-\  ated. 

Price  per 

foot. 

Feet. 

0  to  1,000 

1,000  (..  1,1  Hi 

1,146  to  1.202 

1,202  to  1,276^ 

1,2763  to  L,363| 

1,363^  to  1,434^.... 

1,13 U  to  1,500 

1,500  to  1,582 

$5.50 

7.50 
8.  7:; 

7.  58 
6.89 

8.  25 
9.00 

Feet. 
1,642  to  1,750 

1,750  t.»  1,786^ 

1,786}  to  2,286,.... 

2,286  to  2,572 

2,572  to  3,072 

3,072  to  3,572 

3.572  to  4,072 

4,072  to  5,072 

•SI 3.  76 

0.  30 

10.  (X) 

10.  75 

10.  48 

9.17 

9.00 

1,582  to  1,642 

9.00 
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DISCHARGE    OF    TUNNEL. 

The  tunnel  is  run  in  a  sandstone  and  shale  formation  characteristic 
of  the  Coast  Range,  the  rock  being  considerably  broken  and  some- 
what stratified.  As  the  work  progresses  many  crevices  and  cavities 
in  the  rock  filled  with  water,  probably  from  rainfall,  are  found,  and  as 
the  tunnel  cuts  the  various  lines  of  cleavage  these  underground  reser- 
voirs are  tapped.  The  actual  rock  is  not  of  a  very  porous  nature  and 
in  itself  does  not  yield  much  water,  but  it  is  believed  that  these  cavities 
will  be  refilled,  at  least  in  part,  by  subsequent  rains  and  that  a  material 
amount  of  water  can  be  permanently  withdrawn  from  the  tunnel.  If 
the  city  does  obtain  a  supply  therefrom  permanently  there  will  be 
just  that  much  more  water  at  its  disposal,  and  there  certainly  is  a 
market  for  it  all,  either  in  the  cit}^  or  on  adjoining  agricultural  lands. 

The  water  is  led  from  the  tunnel  to  two  city  reservoirs,  each  with  a 
capacity  of  1,600,000  gallons,  situated  at  an  elevation  of  350  feet 
above  the  city  datum  plane. 

The  power  now  available  at  the  tunnel  for  driving  the  drills  and 
blowers  is  inadequate  for  its  continuation.  Generally  speaking,  it 
requires  from  10  to  12  horsepower  to  run  each  air  drill,  not  including 
the  power  for  the  blowers  for  ventilation. 

In  order  to  regulate  the  flow  of  water  from  this  tunnel  after  the  last 
contract  was  finished,  to  the  5,000-foot  point  from  the  heading,  a  bulk- 
head was  designed  by  the  author  and  placed  in  the  tunnel  about  800 
feet  from  the  portal.  During  the  winter  of  1902-3  there  was  a  fair 
amount  of  rainfall  and  the  streams  were  capable  during  that  time  of 
meeting  the  demands  of  the  city.  As  soon  as  the  bulkhead  could  be 
closed  this  was  done — about  July  1 ,  1903. 

Because  of  the  fissured  condition  of  the  rock  in  the  tunnel  it  was  not 
feasible  at  the  point  where  the  bulkhead  was  first  placed  to  com- 
pletely close  the  supply  from  the  heading,  as  springs  occurred  below 
the  bulkhead  toward  the  portal,  flowing  in  considerable  volume. 
However,  the  pressure  ran  up  to  49  pounds  to  the  square  inch  on 
July  25,  as  recorded  by  the  pressure  gage  placed  in  the  discharge 
pipe,  indicating  an  accumulated  head  of  water  back  ol  the  bulkhead 
of  114  feet.  This  shows  that  the  tunnel  was  developed  into  a  storage 
reservoir.  The  gate  valve  in  the  bulkhead  was  gradually  opened  as 
the  season  progessed,  and  the  supply  maintained  a  flow  of  from  24  to 
33  miner's  inches  during  the  remainder  of  the  summer.  On  October 
17,  when  the  valve  was  completely  opened  and  the  pressure  had  been 
reduced  to  zero,  the  flow  had  fallen  to  24  miner's  inches.  This  was 
sufficient  to  carry  the  city  through  the  summer  successfully. 

During  the  winter  of  1903-4  a  new  bulkhead  was  placed  at  a 
point  in  the  tunnel  where  a  heavy  clay  seam  occurs  in  the  rock.  This 
new  bulkhead  was  more  effective  than  the  first  one  constructed  in 
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holding  back  the  water.  It  is  hoped  that  this  will  form  an  impervious 
barrier  against  the  passage  of  the  ground  water,  thus  enabling  the 
tunnel  to  accumulate  a  high  head  of  water." 

Table  8a  shows  the  variation  in  volume  discharged  from  the 
tunnel,  as  well  as  the  pressure  in  pounds  per  square  inch,  as  the  season 
advances. 

Table  8. — Flow  of  water  from  city  tunnel. 


Date. 


Length  of 

tunnel  in 

feet. 


1900. 

May  1 2,952 

July  26.... 3,078 

August  1 - 3, 103 

October  27 3, 267 

November  4 3,  280 

1901. 

January  9 3,  393 

February  1 3.  1  IS 

February  28 3,  561 

April  1 3, 614 

May  1 3, 680 

June  1. 3, 740 

July  1 3,792 

August  1 3,  865 

1902. 

February  4 4, 182 

March  4 4, 256 

March  31 4,  309 

April  29 

June  7 

July  25 

August  4 

September  2 

December  1 


1,367 

4,509 

4,  .560 

4,  578 

4,647 

4,832 

Flow  in         Flow  in 
minor's      gallons  per 
inches,  b  day. 


25.  00 
19.00 
19.00 
20.00 
25.00 

38.00 
50.00 
63.33 
55.00 
45.00 
45.00 
'•35.00 
30.00 

30.00 
30.00 
33.00 
30.00 
24.00 
25.  50 
27.  75 
30.30 
30.  00 


323,  125 
245,  575 
245,  575 

258,  500 
323, 125 

491,150 
646,  250 

818,  583 
710,  875 
581,625 
581 , 625 
152,375 
387,750 

387,750 
387, 750 
426, 525 
387,  750 
310, 200 
329, 588 
358,  669 
391,628 
387,  750 


«  24.59  inches  of  rain  fell  at  Montecito  between  September  24,  1904,  and  March  3,  1905,  and  the  pres- 
sure on  the  tunnel  bulkhead  had  increased  to  80  pounds  per  square  inch. 
^50  miner's  inches  are  equivalent  to  1  second-foot,  and  1  miner's  inch  to  12,925  gallons  per  day. 
c  Estimated. 
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40  WATER   PROBLEMS    OF    SANTA    BARBARA,    CAL.  [no.  116. 

TOTAL  NEAR-BY  SUPPLY. 

Reviewing  these  measurements  we  have  a  probable  summer 
minimum  water  supply  available  for  the  city  from  local  sources 
approximately  as  follows: 

Local  water  supply  of  Santa  Barbara. 

Gals,  per  day. 

Minimum  from  Mission  Crook 100,  000 

Minimum  from  Do  la  Guorra  wells 300,  000 

Minimum  from  city  tunnel 300,  000 

Total 700,000 

as  against  an  estimated  normal  summer  demand  of  1, 2 00, 000 a  gal- 
lons per  day,  or  an  estimated  normal  deficit  daily  of  500,000  gallons. 
There  is  not  as  much  water  now  being  used  in  the  city  for  beauti- 
fying lawns  and  gardens  as  would  be  so  applied  if  a  more  abundant 
supply  were  available.  From  the  above  it  is  evident  that  the  city 
should  take  immediate  steps  toward  increasing  its  water  supply. 

DISTANT  Sll'PLIKS. 
EXTENSION   OF  CITY   TUNNEL. 

With  a  view  to  the  extension  of  the  present  city  tunnel  through 
the  Santa  Ynez  Range  to  tap  the  waters  of  Santa  Ynez  River,  a 
system  of  triangulation  was  carried  across  the  mountains  from  Santa 
Barbara  to  the  Mono  reservoir  site  by  Homer  Hamlin  and  W.  B. 
Clapp,  of  the  Geological  Survey.  The  base  line  of  this  system  was 
measured  on  State  street,  Santa  Barbara,  between  Boulevard  and 
Pedregosa  streets,  and  the  most  northerly  point  was  the  high  peaks 
south  of  the  Mono  reservoir  site.  The  base  line,  which  was  care- 
fully measured  with  a  300-foot  steel  tape  under  a  uniform  tension 
of  25  pounds  and  corrected  for  temperature,  was  9,753.7  feet  long. 
The  angles  were  measured  with  a  Berger  transit  No.  lb,  circles  6J 
inches  in  diameter.  Eleven  principal  triangulation  stations  and 
5  secondary  stations  were  occupied,  the  secondary  triangulation 
being  necessary  to  reach  the  south  portal  of  the  present  city  tun- 
nel, which  is  situated  in  a  deep  canyon.  Angles  were  repeated  three 
times  and  measured  in  six  sets  of  two  each.  The  triangles  closed 
for  angles  within  0°  0'  0"  to  0°  0'  10".  The  angle  adjustments  were 
made  by  distributing  the  difference  proportionally  as  probable 
error  due  to  weather  conditions.  The  traverse  of  the  outside  bound- 
ary of  the  triangulation  system  closed  as  follows:  N.,  45,343.66;  S., 
45,343.63;  E.,  28,397.22;  W,  28,397.15. 

a  On  basis  of  150  gallons  per  day  for  8,000  persons. 


lippincott.]  CONSTRUCTION    OF    NEW    TUNNEL.  41 

The  north  portal  of  the  extended  tunnel,  as  projected,  was  fixed 
by  a  station  on  the  cliff  on  the  south  side  of  Santa  Ynez  River. 
The  north  portal  bears  N.  26°  38'  18"  E.,  and  is  18,842.06  feet  distant 
from  the  south  portal  of  the  present  city  tunnel.  This  tunnel  was 
4,895  feet  long  on  January  26,  and  if  an  angle  is  made  in  it  at  5,960 
feet  it  will  be  necessary  to  drive  15,006  feet  to  reach  Santa  Ynez 
River  and  finish  the  work.  By  doing  so  a  saving  of  1,475  feet  will 
be  made;  otherwise  the  tunnel  must  have  a  length  of  21,376  feet 
to  get  through  the  range.  It  is  probable,  however,  that  a  still  more 
favorable  location  may  be  found. 

From  the  surveys  that  have  been  made  during  the  last  season 
in  the  drainage  basin  of  Santa  Ynez  River,  the  elevation  of  the  south 
portal  of  the  city  tunnel  in  Cold  Spring  Canyon  was  taken  at  1,393.06 
feet;  the  rise  on  grade  from  the  portal  to  station  48,  at  the  projected 
north  portal,  is  49.02  feet.  The  total  length  of  excavation  necessary 
to  complete  this  tunnel  through  the  range  is  15,066  feet.  At  a 
grade  of  0.1  per  cent  this  will  require  15  feet  more  to  be  consumed 
in  tunnel  grade,  making  the  elevation  of  the  north  portal  of  the 
tunnel  1,457.18  feet.  The  elevation  of  Santa  Ynez  River  bed  op- 
posite is  1,425  feet.  The  necessary  grade  to  be  consumed  from  the 
north  portal  of  the  tunnel  to  the  Mono  reservoir  site  would  be  about 
4  feet,  making  the  elevation  of  the  grade  at  the  Mono  reservoir  site 
1,461.18  feet.  The  elevation  of  the  bed  of  the  creek  at  the  Mono 
site  is  1,440  feet,  so  that  the  conduit  grade  would  be  21.18  feet  above 
the  bed  of  the  creek  at  that  point,  but  the  capacity  of  the  lower  por- 
tion of  a  reservoir  site  is  always  very  small,  and  there  would  be  a 
loss  of  but  1  per  cent  in  the  capacity  of  a  100-foot  dam  at  the  Mono 
with  the  elevations  given. 

CONSTRUCTION  OF  NEW  TUNNEL. 

In  the  old  city  tunnel  in  Cold  Spring  Canyon  several  angles  occur 
in  the  alignment.  The  grade  of  the  tunnel  is  also  not  satisfactory, 
in  that  it  is  too  high  to  reach  the  bed  of  the  stream  at  the  mouth 
of  the  Mono  at  the  elevation  of  the  creek.  While  the  old  city  tunnel 
could  be  used  in  this  regard,  it  is  not  considered  the  best  site  for  a 
tunnel,  in  view  of  subsequent  surveys  and  investigations.  More- 
over, the  old  tunnel  is  delivering  a  very  substantial  water  supply 
under  existing  conditions,  particularly  since  being  regulated  by  the 
bulkhead  described  above,  and  as  a  new  tunnel  can  be  obtained  at  a 
satisfactory  elevation,  which  will  develop  a  new  water  supply  and 
in  addition  command  certain  reservoir  sites  on  lower  portions  of 
the  stream  below  the  mouth  of  the  Mono,  it  is  desirable  to  adopt 
the  second  location.  After  the  first  investigations  made  in  the 
basin  of  Santa  Ynez  River,  which  included  the  survey  of  the  Mono 
reservoir  site,  the  Main  River  reservoir  site,  and  an  inspection  of 
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sites  higher  on  the  stream,  a  much  better  site  situated  on  the  main 
stream  below  the  mouth  of  the  Mono  was  found.  This  is  called 
the  Gibraltar  reservoir  site  and  is  described  more  fully  below. 

The  capacity  of  the  Gibraltar  reservoir  so  not  quite  so  great  as 
that  of  the  Mono,  but  is  very  satisfactory,  while  the  dam  site  is  very 
much  better,  and  the  tributary  drainage  area  a  great  deal  larger, 
including  not  only  that  of  the  Mono,  but  also  that  of  the  Santa  Ynez 
above  the  Mono,  and  17  square  miles  of  Main  Canyon  below.  For 
the  season  of  1902-3  the  measured  flow  at  the  Mono  dam  site  was 
8,934  acre-feet,  at  the  Santa  Ynez  above  the  Mono  9,898  acre-feet, 
and  for  the  Santa  Ynez  at  the  Gibraltar  reservoir  site  21,202  acre- 
feet.  As  the  water  supply  is  the  most  essential  feature  of  the 
entire  enterprise,  no  hesitation  is  felt  in  recommending  that  the 
tunnel  line  which  is  to  be  run  through  the  range  should  be  made 
to  command  the  Gibraltar  reservoir  site.  This  would  be  impossible 
with  the  old  city  tunnel,  on  account  of  its  high  elevation  in  Cold 
Spring  Canyon.  Moreover,  the  combined  cost  of  the  Gibraltar 
dam  and  of  a  tunnel  to  it  from  Mission  Canyon  is  less  than  the  com- 
bined cost  for  completing  the  old  city  tunnel  and  building  the  Mono 
dam. 

For  the  reasons  given  above,  the  triangulation  which  had  been 
made  for  the  old  city  tunnel  was  extended  so  as  to  cover  the  site  of 
a  possible  new  tunnel  line  from  Mission  Canyon  to  the  Gibraltar 
dam  site,  which  would  be  19,560  feet  long  and  would  run  through  the 
same  general  formation  at  right  angles  to  the  line  of  the  strike  of  the 
rock,  passing  under  portions  of  Mission  Creek. 

AGREEMENT  WITH  WATER  COMPANY. 

An  agreement  was  made  with  the  Santa  Barbara  Water  Company 
for  rights  of  way  for  this  new  tunnel  line.  This  company  has  for 
years  been  acquiring  lands  along  Mission  Canyon  in  order  to  protect 
its  water  supply,  which  comes  mostly  therefrom.  The  company  nat- 
urally felt  that  the  running  ol  the  tunnel  beneath  Mission  Creek  might 
affect  its  supply  of  water  from  the  creek  and  insisted  on  being 
secured  against  such  a  contingency.  In  consequence  the  Santa  Bar- 
bara water  commissioners  entered  into  a  contract  with  the  company, 
by  which  the  city  agrees  to  maintain  the  supply  of  the  company  at  14 
inches  from  July  1  to  December  31  and  at  22  inches  from  January  1 
to  June  30,  supplying  the  water  from  the  tunnel  in  case  it  is  not 
flowing  naturally  in  the  creek,  provided  that  amount  can  be  supplied 
from  the  tunnel  alone  and  irrespective  of  water  subsequently  obtained 
from  storage  reservoirs.  In  return  the  Santa  Barbara  Water  Com- 
pany gives  the  city  rights  of  way  over  all  its  lands  for  wagon 
roads,  tunnels,  pipe  lines,  etc.,  and  agrees  not  to  run  any  tunnels  on 
its  lands  in  the  vicinity  of  the  city  tunnel.     This  contract  is  fully 
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justified  by  the  physical  conditions  encountered  in  the  water  devel- 
opment. Moreover,  the  water  delivered  to  the  water  company  will 
be  used  in  any  event  in  the  immediate  vicinity  of  Santa  Barbara  or 
for  the  beautifying  and  improvement  of  the  town. 

A  section  of  the  proposed  new  tunnel  is  shown  in  figs.  16  and  17 
(pp.  91,  92),  the  timbered  section  being  used  only  where  necessary 
and  the  rock  section  being  the  prevailing  type  for  the  tunnel. 

CONTRACT    FOR    CONSTRUCTION. 

The  work  of  driving  the  tunnel  was  divided  into  two  parts,  a 
southern  portion  of  the  tunnel  to  be  1 1 ,000  feet  long  and  constructed 
from  the  south  portal,  and  a  northern  portion  to  be  8,560  feet  long 
and  constructed  from  the  north  portal.  Bids  were  called  for  and 
received,  and  the  contracts  awarded  to  F.  J.  Smith  and  E.  J.  Hunt,  of 
Santa  Barbara,  for  the  south  part,  and  to  Robert  Beyrle,  of  Los 
Angeles,  for  the  north  part.     The  prices  were  as  follows: 

Successful  bids  jor  new  Santa  Barbara  tunnel. 


North 
division. 


Per  cubic  yard  of  excavation 

Overhaul  per  cubic  yard  per  100  feet  (free  haul  being  .r>00  feet) 
Timbers  in  place  (per  M  feet,  B.  M. )  -  - - 


The  total  cost  of  the  southern  portion  of  the  tunnel  under  the  con- 
tract will  be  $109,125,  and  for  the  northern  portion  $90,267,  a  total 
of  $199,392  for  the  entire  tunnel.  The  estimate  of  the  author,  as  con- 
sulting engineer  for  the  work,  was  19,560  feet  of  tunnel  at  $10  a  foot, 
$195,600,  plus  10  per  cent  for  contingencies,  or  a  total  of  $215,160. 
An  additional  allowance  was  made  of  5  per  cent  for  engineering 
expenses. 

The  yardage  excavated  in  the  tunnel  is  to  be  limited  by  the  quan- 
tity shown  on  the  section.  After  the  completion  of  the  work  the  con- 
tractor is  required  to  leave  his  track  in  the  tunnel  for  the  purpose 
of  hauling  cement  through  it  for  the  construction  of  the  dam  on 
Panta  Ynez  River,  thus  avoiding  a  wagon  haul  over  the  high  moun- 
tains.    The  contracts  were  let  in  February,  1904. 

VENTURA    RIVER. 

From  an  examination  of  the  topographic  maps  of  the  Geological 
Survey,  which  have  been  recently  prepared  and  which  are  of  inesti- 
mable value  in  a  general  consideration  of  this  subject,  it  was  found 
that  it  would  be  possible  by  a  gravity  line  to  divert  the  headwaters 
of  Ventura  River  from  a  point  near  the  junction  of  the  main  and 
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north  forks  of  Matilija  Creek  by  gravity  through  Casitas  Pass  to 
Santa  Barbara.  A  reconnaissance  was  made  of  this  country,  and  a 
number  of  water  measurements  were  made  throughout  the  length  of 
Ventura  River.  A  month  of  minimum  flow  was  selected  as  the  proper 
time  at  which  to  make  these  determinations,  as  the  minimum  is  the 
controlling  condition  in  all  questions  involving  water  supply.  There 
was  a  rainfall  at  Santa  Barbara  for  the  seasons  of  L901  1902  of  14.06 
inches.  The  stream  How  during  this  season,  however,  was  below 
normal. 

Table  9.-  Flow  measurements  on  Ventura  River  <tn<l  tributcMries. 


L902. 


Sept.    25 
25 


25 
25 
25 
25 


26 
26 


26 


Locality  - 


At  Matilija,  above  North  Fork 
North  Fork  at  mouth... 


Total,  all  diverted 

River  bed  dry  from  Matilija  School  to  near  Coyote  Creek. 

Below  Coyote  Creek  and  below  Domestic  diversion 

Head  Domestic  system's  lower  ditch 

Head  Domestic  system's  upper  ditch 

Total  Ventura  River  below  and  mar  Coyote  Creek 

Head  of  power  ditch,  below  Domestic  diversions 

River  bed  al>o\  e  and  near  power  house 


Total 

Domestic  ditch  above  and  near  reservoir. 


Inches. 


99 
21 


120 


14 

1S5 
62 


261 


75 

8 


83 


222 


WATEB    AVAILABLE. 

It  will  be  noted  that  all  of  the  water  of  Matilija  Creek  at  the 
point  from  which  a  gravity  line  could  be  started  to  Santa  Barbara 
is  diverted  and  now  in  nse,  and  consequently  there  was  on  that  date 
no  supply  available  for  Santa  Barbara  at  this  point.  In  addition 
to  this,  the  intervening  topography  is  rugged  and  the  distance  would 
be  very  great,  rendering  it  impracticable  from  a  commercial  stand- 
point to  obtain  a  supply  from  this  source. 

It  will  also  be  noted  that  there  were  75  inches  of  water  diverted 
into  the  power  ditch  of  the  Ventura  waterworks,  which  runs  from 
a  point  approximately  4  miles  north  of  Ventura  to  a  point  approxi- 
mately \\  miles  north  of  this  city,  and  that  there  were  8  inches  of 
water  above  the  point  where  this  power  ditch  would  discharge  into 
the  river,  making  a  total  of  83  inches  in  the  lower  portion  of  the 
river  that  was  not  diverted  for  domestic  uses.  During  the  daytime, 
at  the  time  of  the  inspection,  all  this  75  inches  of  water  was  being 
used  for  irrigation,  leaving  but  8  inches  of  water  in  Ventura  River 
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available  for  surface  diversion.  Information,  however,  was  given 
that  a  portion  of  the  water  diverted  through  the  domestic  conduits 
during  the  daytime  is  accumulated  in  a  certain  domestic  reservoir, 
and  that  at  nighttime,  from  11  p.  m.  until  6  a.  m.,  a  discharge  of 
280  miner's  inches  from  this  reservoir  ordinarily  takes  place  through 
the  power  house  for  the  purpose  of  developing  power  and  is  wasted 
into  the  river.  This  is  equivalent  to  a  continuous  flow  of  82  miner's 
inches.  This  water  wasted  into  the  sea,  taken  in  connection  with 
the  8  inches  flowing  in  the  stream  bed  above  the  power  house,  makes 
a  total  of  90  miner's  inches  of  water,  which  at  this  time,  admitted 
to  be  one  of  drought,  might  be  considered  as  wasted  water  and  avail- 
able for  sale  or  disposal  by  the  Ventura  Water,  Light,  and  Power 
Company.  In  addition  to  this,  it  is  stated  that  the  75  inches  of 
water  diverted  through  the  power  ditch  is  not  permanently  sold  for 
irrigation  purposes,  but  is  used  by  irrigators  by  sufferance  on  the 
part  of  the  water  company,  and  that  the  Ventura  Water,  Light,  and 
Power  Company  could  sell  it  to  the  city  of  Santa  Barbara  if  it  so 
desired.  There  thus  might  be  made  available  from  the  lower  por- 
tion of  Ventura  River  a  low-water  supply  of  165  miner's  inches 
(2,145,000  gallons  per  day),  provided  all  the  above  assumptions  are 
correct. 

The  statement  was  made  that  there  is  practically  a  continuous 
use  of  the  30  inches  of  water  from  the  power  ditch  during  the  day- 
time for  irrigation,  which  might  reduce  these  figures  to  135  miner's 
inches  (1,750,000  gallons  daily).  This  is  an  unusually  large  amount 
of  water  to  be  available  for  disposal  along  this  coast,  and  it  was 
considered  to  be  sufficient  to  justify  a  further  investigation  to  deter- 
mine the  cost  of  its  delivery  to  Santa  Barbara. 

The  elevation  at  which  this  water  could  be  obtained  is  prac- 
tically 50  feet  above  sea  level,  and  it  would,  therefore,  have  to  be 
pumped  to  Santa  Barbara  through  a  long  force  main,  laid  possibly 
on  the  railroad  right  of  way,  for  an  aggregate  distance  of  26.2  miles. 
There  is  quite  favorable  opportunity  of  obtaining  cheap  fuel  along 
this  line,  and  a  pumping  station  might  be  erected  at  the  intake  and 
a  sufficient  head  generated  to  force  the  water  through  the  pipe  line, 
delivering  it  to  the  city  of  Santa  Barbara  at  the  foot  of  State  street 
without  pressure,  in  order  to  avoid  the  expense  of  a  long  pipe  line 
designed  to  withstand  high  heads.  At  this  point  it  would  be  picked 
up  by  a  second  pumping  plant  and  forced  to  the  high  levels  of  the 
city.  No  legal  examination  of  title  was  made  as  to  the  ownership 
of  this  water. 

COST    OF    PIPING   AND    PUMPING. 

It  may  be  assumed,  therefore,  for  the  sake  of  estimating,  that 
there  is  available  from  the  lower  Ventura  River  a  supply  of  water 
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sufficient  to  furnish  1,500,000  gallons  daily,  adequate  for  10,000 
people  using  150  gallons  per  capita  each  day.  This  is  equal  to  2.32 
cubic  feet  per  second,  or  116  miner's  inches  of  water.  This  water 
would  have  to  be  purchased  from  the  Ventura  Water,  Light,  and 
Power  Company,  from  which  no  figure  has  as  yet  been  obtained  as 
to  the  price  for  which  it  would  be  sold.  It  is  believed  that  the 
parties  owning  this  water  would  be  willing  to  contract  for  its  delivery. 
If  $300  per  miner's  inch  were  paid  for  this  water,  it  would  cost  the 
city  of  Santa  Barbara  $34,800  at  Ventura.  An  18-inch  continuous 
wooden  stave  pipe  laid  from  the  Ventura  River  to  the  foot  of  State 
street  would  be  138,300  feet  in  length,  or  26.2  miles.  The  friction 
head  to  be  overcome  by  water  passing  through  this  length  of  pipe, 
when  carrying  1,500,000  gallons  daily,  would  be  48.4  feet.  It  is 
believed  that  the  average  friction  and  hydraulic  head  on  the  pipe 
would  be  50  feet.  The  pipe  would  be  laid  either  on  country  roads 
or  possibly  along  the  railroad  right  of  way.  At  certain  projecting 
and  precipitous  cliffs  the  pipe  would  have  to  be  run  through  tun- 
nels. The  conduit  would  be  what  is  technically  known  as  a  con- 
tinuous wooden  stave  pipe  with  steel  bands,  a  form  of  construction 
which  is  satisfactory.  It  would  he  of  a  more  permanent  character 
than  riveted  pipe,  but  not  of  so  enduring  a  nature  as  cast-iron  pipe. 
Cast-iron  pipe,  however,  because  of  its  present  high  cost  ($45  a 
ton  delivered  at  Pacific  coast  terminals),  would  be  entirely  out  of 
the  question.  The  water  would  be  delivered  without  pressure  at 
the  foot  of  State  street,  in  order  to  avoid  excessive  cost  due  to  nec- 
essarily stronger  pipe  required  in  case  a  high  head  was  put  on  it  to 
directly  connect  with  the  mains  of  the  city  for  local  distribution. 
From  this  point  it  would  have  to  be  lifted  to  domestic  reservoirs. 
The  following  table  is  an  estimate  on  the  cost  of  laying  such  a  pipe 
line: 

Table  L0.     Estimated  cost  of  Santa  Barbara-Ventura  pipeline. 


Section. 

Length. 

Class  of 
excavation. 

Cost 

( losl  "i" 
excava- 
tion. 

Cost  of 
backfill 

Total 

cost    of 

trenching. 

Cost  of 
pipe. 

Total  cost. 

1 

2 

Lin.  ft. 
7,920 
6,864 
2,640 
1,584 
1,320 

27,984 
6,072 
7,392 
5,280 
9,500 

61,776 

Trench.... 

do 

do 

do 

Tunnel.... 

Trench.... 

Tunnel 

Trench.... 

Tunnel .... 

Trench 

do 

Lin.  It. 
SO.  I.V-'TI 
.I'll 
.  1.VJ71 

.(licit; 

5.00 

.(l!C,  If, 
5. 00 

.09546 
5.00 

.17183 

. 09546 

SI,  209.  70 

1,311.02 

403. 23 

151. 2] 

6,600.00 

2,671  35 

30,360.00 

705.64 

26,400.00 

1,632.38 

5,897.14 

S302. 42 

327.  75 

100.81 

37.80 

SI,  512. 12 

1,638.77 

504.04 

189. 01 

6,600.00 

3,339.19 

30,360.00 

882.05 

26,400.00 

2,040.48 

7,371.42 

19,504.00       SI  1,016. 12 
8,236.80           9,875.57 
3,1 68. 00           3,672.04 
1,900.80           2,089.81 
1,584.00           8,184.00 

33,580.80         36,919.99 
7,286.40         37,646.40 
8,870.40           9,752.45 
6,336.00         32,736.00 

11,400.00         13,440.48 

74,131.20         81,502.62 

3 

4... 

6 

667.84 

7 

8 

176.41 

9 

10.. 

408. 10 
1,474.28 

11 

Total.. 

138,332 

77,341.67 

3,495.41 

80,837.08 

165,998  40         9!4fi  82A  48 
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A  portion  of  the  line  would  be  in  ground  that  is  quite  alkaline. 
The  wooden  part  of  the  pipe  would  not  be  attacked  by  the  alkali,  but 
the  iron  rods  would  be.  If  we  assume  a  length  of  life  for  the  pipe  of 
twenty  years,  and  that  a  sinking  fund  at  4  per  cent  interest  would 
necessarily  have  to  be  provided  to  renew  it  at  the  end  of  that  time, 
$8,287.54  would  have  to  be  set  aside  annually  to  meet  the  charge. 
At  4  per  cent  interest  this  would  capitalize  at  $207,188,  which  should 
properly  be  added  to  the  first  cost  of  the  pipe,  giving  $454,023  as  the 
real  cost  of  the  pipe  line  to  the  city.  This  computation  is  given  in 
order  to  compare  the  real  cost  of  this  pipe  line  with  other  permanent 
construction  mentioned  later. 

It  would  be  necessary  to  install  two  pumping  plants,  one  at  Ventura 
to  force  this  water  through  the  pipe  line  against  the  friction  head,  and 
the  other  to  lift  the  water  from  the  foot  of  State  street  to  an  assumed 
level  of  300  feet  to  a  domestic  reservoir.  The  cost  of  the  first  plant 
would  be  $9,649,  and  of  the  second  plant  $13,970, or  a  total  of  $23,619. 
If  a  life  of  twenty  years  is  assumed  for  pumping  plants  also,  and  pro- 
vision is  made  for  their  renewal  by  a  sinking  fund  as  before,  bearing 
4  per  cent  interest,  there  would  have  to  be  set  aside  each  year  for 
this  purpose  $792.49,  which  is  interest  at  4  per  cent  on  $19,802, 
making  a  total  cost  to  the  city  of  pumping  plants  of  $43,421. 

These  pumping  plants  would  be  improved  and  modern  triple- 
expansion  condensing  steam  plants.  The  first  plant  would  consume 
5.5  barrels  of  crude  oil  daily,  and  the  second  14.5  barrels  of  oil  daily, 
or  a  total  ol  20  barrels  of  oil  daily  to  deliver  1^  million  gallons  daily. 
This  oil  at  $1  a  barrel,  which  would  be  a  fair  price  for  a  long  period  of 
use,  would  represent  a  daily  charge  of  $20,  and  an  annual  charge  of 
$7,300.  Attendance  of  engineers  and  assistants  would  probably 
amount  to  $5,000  annually;  so  the  oil  and  attendance  together  would 
be  $12,300,  which,  capitalized  at  4  per  cent,  represents  $307,500. 

To  summarize  we  now  have : 

Summary  of  cost  of  Santa  Barbara-Ventura  pipe  line. 


1,500,000  gallons  of  water  daily. 

Pipe  line 

Two  pumping  plants 

Fuel  and  attendance 


Total. 


First  cost. 


$34,  800 

246,  835 

23, 619 


305, 254 


First  cost 
and  main- 
tenance. 


$34,  800 

454, 023 

43,  421 

307, 500 


839, 744 


This  figure  of  first  cost  and  maintenance  would  represent  the  real 
expense  to  the  city  of  building  and  maintaining  such  a  plant  perpetually, 
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and  on  this  basis  can  be  properly  compared  with  permanent  con- 
struction, such  as  masonry. 

This  plant  would  practically  be  incapable  of  being  increased  in 
capacity  without  rebuilding  the  entire  system,  and  no  estimates  have 
been  included  for  rights  of  way. 

SANTA  YNEZ  RIVER. 

The  county  of  Santa  Barbara,  by  petition  of  its  board  of  supervisors, 
and  the  city,  through  its  trustees,  requested  the  United  States  Geolog- 
ical Survey  to  make  topographic  surveys  and  hydrographic  investi- 
gations in  Santa  Barbara  County  to  assist  in  the  solution  of  the  dim- 
cult  water  problems  which  confront  this  beautiful  coast  district,  often 
called  the  American  Riviera.  As  it  is  the  policy  of  the  Geological 
Survey  to  carry  on  its  work  where  the  results  will  be  of  greatest  value, 
it  acceded  to  this  request  and  has  extended  its  topographic  surveys 
over  the  greater  portion  of  the  county.  PL  I  is  made  up  from  the 
results  of  these  surveys.  Hydraulic  investigations  have  also  been 
begun,  three  reservoirs  surveyed,  several  tunnel  lines  triangulated, 
and  three  gaging  stations  established.  It  is  intended  to  extend  these 
investigations  during  the  coming  season  so  as  to  cover  the  entire 
drainage  basin  of  Santa  Ynez  River.  To  a  limited  extent  the  city 
of  Santa  Barbara  has  cooperated  financially  in  the  hydraulic  work. 

Santa  Ynez  River  rises  in  the  mountains  of  Santa  Barbara  and 
Ventura  counties,  and  flows  westerly  with  a  flat  grade  to  the  Pacific 
Ocean,  having  a  length  of  approximately  75  miles.  The  Santa  Ynez 
Range  of  mountains,  varying  in  elevation  from  3,000  to  4,000  feet, 
forms  the  southern  boundary  of  this  drainage  basin.  The  northern 
divide  ranges  from  4,500  to  5,500  feet,  culminating  in  Mount  Pinos, 
the  elevation  of  which  is  8,826  feet.  The  mean  elevation  of  the  basin 
above  the  mouth  of  Mono  Creek  is  3,500  feet  above  sea  level. 

RAINFALL. 

The  mean  rainfall  at  Santa  Barbara  is  16.78  inches;  at  NordhofF,  in 
Ventura  County,  at  an  elevation  of  1 ,200  feet,  it  is  about  18  inches;  at 
Mutau  Flat,  on  the  headwaters  of  Piru  Creek,  and  on  the  eastern 
slope  of  the  range,  at  an  elevation  of  4,850  feet,  it  is  19  inches;  at  Sned- 
den's  ranch,  on  the  north  fork  of  the  headwaters  of  the  Piru,  on  the 
eastern  slope  of  the  mountains,  at  an  elevation  of  4,900  feet,  it  is  15 
inches;  at  Cuddy's  ranch,  at  an  elevation  of  5,000  feet,  in  Kern  County, 
near  the  head  of  Tejon  Creek,  it  is  20  inches,  and  at  Old  Fort  Tejon,  at 
an  elevation  of  3,245  feet,  it  is  18  inches.  These  records,  except  those 
of  Santa  Barbara,  which  were  begun  in  1867,  are  of  rather  short  dura- 
tion and  fragmentary.  The  mean  rainfall  given  for  each  mountain 
station  is  determined  by  finding  the  ratio  of  precipitation  at  Santa 
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Barbara  for  the  years  during  which  rainfall  was  observed  at  the  high 
point  in  question,  and  the  mean  of  the  37-year  record  at  Santa  Barbara, 
and  applying  that  ratio  to  the  observed  rainfall  at  the  mountain  sta- 
tion. There  are  no  known  observations  of  rainfall  in  the  upper 
portion  of  the  Santa  Ynez. 

It  is  well  known  by  the  people  living  along  the  Pacific  coast  that 
the  rainfall  increases  as  the  slope  of  the  mountain  ranges  exposed 
to  the  sea  breezes  is  ascended.  Usually  this  increase  amounts  to 
six- tenths  of  an  inch  of  rain  for  each  100  feet  rise  in  elevation,  which 
increase  is  to  be  added  to  the  observed  precipitation  at  the  base  of 
the  range.  On  the  eastern  slope  of  the  mountain  ranges,  on  the 
side  away  from  the  ocean,  this  estimate  does  not  at  all  hold,  there 
being  an  actual  diminution  of  rainfall  after  passing  a  crest.  Con- 
sequently it  is  to  be  expected  that  such  stations  as  Mutau  Flat 
and  Snedden's  ranch,  situated  easterly  from  the  main  crest  of  the 
Coast  Range,  will  have  less  precipitation  than  occurs  on  the  exposed 
westerly  side  of  the  range.  The  Santa  Ynez  Range  undoubtedly 
abstracts  a  portion  of  the  moisture  of  the  clouds  that  are  passing 
inland  over  the  drainage  basin  of  Santa  Ynez  River,  but  the  precipi- 
tation must  again  increase  on  the  westerly  sides  of  the  high  Coast 
Range  on  the  northerly  and  easterly  portions  of  the  drainage  basin, 
where  the  mountains  rise  from  2,000  to  3,000  feet  higher  than  the 
summits  of  the  Santa  Ynez  Mountains. 

Mr.  Purslow  says  that  the  rainfall  in  the  basin  of  the  Santa  Ynez 
above  the  reservoir  sites  which  he  examined  is  30  inches,  and  Mr. 
Wright  states  that  in  his  judgment  it  is  over  20  inches.  Mr.  Marsden 
Manson,  civil  engineer  of  the  California  Water  and  Forest  Associa- 
tion, prepared  a  rainfall  map,  showing  precipitation  throughout  the 
State,  on  which  he  estimates  the  rainfall  in  this  district  as  between 
20  and  30  inches.  Mr.  William  Hammond  Hall,  when  State  engineer  of 
California,  also  prepared  a  rainfall  map,  showing  the  precipitation  for 
this  district  to  be  between  20  and  30  inches.  Lieutenant  Glassford, 
of  the  United  States  Signal  Service,  in  1891  officially  estimated  the 
rainfall  on  the  headwaters  of  the  Santa  Ynez  at  from  20  to  25  inches. 

After  a  careful  examination  of  the  drainage  basin,  of  the  vegeta- 
tion covering  it,  of  available  rainfall  records,  and  from  a  general 
knowledge  of  the  precipitation  throughout  this  portion  of  the  State, 
the  writer  believes  that  the  average  rainfall  in  this  basin  is  about 
22  inches.  However,  in  order  to  be  within  safe  limits  in  making 
the  estimates  of  available  water  supply,  the  same  rainfall  is  used  for 
computing  the  run-off  of  the  Santa  Ynez  basin  as  has  been  observed 
at  Santa  Barbara. 
ikk  116—05 4 


50  WATER    PROBLEMS    OF    SANTA     BARBARA,    CAL.  [no.  116. 

RUN-OFF. 

The  question  of  determining  the  relation  of  what  is  called  run-off 
(or  the  amount  of  water  the  streams  discharge)  to  rainfall  is  one  of 
considerable  difficulty  and  uncertainty.  It  is  dependent  upon  the 
character  of  the  rains,  whether  gentle  showers  or  violent  storms 
(the  latter  yielding  the  greater  run-off),  and  also  upon  the  steepness 
of  the  slopes  and  the  size  of  the  watershed.  Other  things  being- 
equal,  the  small  watershed  has  the  higher  percentage  of  run-off.  A 
one  or  two  years'  record  does  not  establish  a  final  ratio. 

The  forest  cover  of  the  drainage  basin  also  greatly  affects  the 
run-off.  If  it  is  a  denuded  area  the  floods  are  more  violent  and 
shorter  in  duration  and  the  summer  stream  is  much  lower.  If  the 
drainage  basin  lias  a  proper  forest  or  brush  cover  the  stream  is  more 
uniform  in  flow  and  carries  less  silt.  The  general  porosity  of  the 
soil  and  rock  also  affects  the  character  of  the  run-off. 

A  number  of  efforts  have  been  made  to  establish  this  ratio  of 
rainfall  to  run-off.  The  diagram  presented  herewith  as  lig.  1  (p.  15) 
shows  by  curved  lines  on  a  horizontal  scale  the  amount  of  rainfall 
in  inches  of  depth,  and  on  the  vertical  scale  the  total  corresponding 
volume  of  water  discharged  in  acre-feet,  an  acre-foot  of  watei  being 
the  amount  that  w  ill  cover  1  acre  1  foot  deep,  or  43,560  cubic  feet 
The  curve  which  is  used  in  this  report  is  one  that  has  been  deter- 
mined as  the  result  of  a  large  number  of  measurements  in  California 
made  by  the  United  States  Geological  Survey.  It  will  be  noted 
that  it  indicates  ie>s  run-off  than  the  others. 

The  Salt  Springs  Valley  reservoir  is  in  Calaveras  County,  CaL,  in 
the  foothills.  The  New  ell  curve  for  "mountainous  areas"  is  a  gen- 
eral determination,  by  Mr.  F.  II.  Newell,  hydrographer  of  the  Geo- 
logical Survey,  for  the  high  mountain  areas  of  the  western  portions 
of  the  United  States.  The  Arrowhead  reservoir  is  in  San  Bernar- 
dino County,  Cal.  The  Newell  curve  for  "undulating  areas"  is  the 
relation  determined  by  Mr.  Newell  for  hill  countries.  The  general 
curve  for  large  watersheds  for  California  is  the  one  used  in  this  report 
as  the  result  of  California  observations  made  largely  during  the 
drought  period  through  which  we  have  passed.  It  will  be  noted 
that  there  is  no  run-off  indicated  until  after  the  rainfall  exceeds 
10  inches.  All  of  these  curves  are  much  more1  unfavorable  to  large 
run-off  than  has  customarily  been  accepted  lor  eastern  streams 
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Table  11. — Record  of  precipitation  at  Santa  Barbara,  Col. 

[Latitude,  34°  25';  longitude,  119°  10'.     Elevation,  100  feet.     Authority,  War  Department  and  Weather 

Bureau.] 


Year. 


Sept, 


37-year 
mean. 


0.00 
.  00 
.00 
.00 
.00 
.05 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.  00 
.44 
.00 
.00 
.00 
.00 
.  00 
.38 
.03 
.00 

1.50 
.18 
.00 
.00 

1.36 
.00 
.00 
.  00 

3.17 
.00 
.01 
.36 
.00 
T. 


Oct. 

0.00 
.00 
.30 

1.04 
.09 
.00 
.00 

1.91 
.00 
.32 
.00 
.32 
.41 
.25 

1.47 
.37 

1.32 

1.02 
.19 
.39 
.31 
.07 

8.65 
.00 
.00 
.42 
.62 
.78 
.55 
.92 

1.44 
.14 

2.06 
.15 

2.42 

1.48 
T. 


Nov. 


2.31 

1.25 

.65 

.27 

1.83 

.00 

.27 

1.30 

6.53 

.00 

1.32 

.00 

1.62 

.28 

.33 

.77 

.00 

.79 

9.84 

.87 

1.10 

5.62 

3.21 

.48 

.00 

3.70 

T. 

.11 

.77 

3.51 

.00 

.00 

1.97 

3.99 

1.16 

4.01 

.05 


Dec. 


12.67 

4.26 

.57 

1.41 

6.56 

4.34 

5.26 

.00 

.31 

.00 

3.12 

5.16 

4.57 

9.73 

.95 

.10 

2.76 

6.62 

2.47 

.86 

4.43 

5.59 

10.64 

3.53 

2.26 

7.31 

3.50 

4.16 

.93 

2.92 

.  .00 

.36 

2.35 

.02 

T. 

2.24 

T. 


Jan. 


3.97 
3.26 

.25 

.86 
2. 53 

.58 
4.54 
14.84 
7.56 
2.72 
7.17 
5.24 
1. 30 
2.83 
1.13 
2.18 
6.33 
1.23 
5.12 

.31 
10.15 

.29 
5.32 

.50 
1.04 
4.52 

.65 
6.25 
6.84 
4.35 

.63 
4.48 
2.32 
4.86 
1.36 
2.06 

.46 


Feb. 

2.00 
2.12 
5.87 
2.92 
1.81 
5.48 
3.17 

.18 
5.67 

.00 
11.73 

.71 
10.86 

.30 
2. 38 
2.92 
9.68 

.07 
1.19 
8.64 
1.30 
1.29 
2.96 
8.82 
2.48 
3.55 

.50 

.67 

.00 
3.65 
1.39 

.00 

.05 
3.65 
4.40 
1.63 
4.69 


Mar. 


1.08 
4.22 
.83 
.02 
.18 
.05 


2.73 

.82 
2.47 

.34 
1.15 
1.25 
5.74 
3.64 
9.77 

.  35 
2.03 

.13 
3.86 
7.31 
1.10 
1.65 
3.36 
7.53 

.22 
1.99 
2.37 
2.73 

.28 
2.78 
1.58 

.16 
2.89 
6.12 
4.40 


Apr. 


2.44 

.46 

.99 

2.02 

1.80 

.00 

.28 

.10 

.27 

.18 

3.34 

1.60 

5.73 

.59 

1.63 

.29 

2. 60 

3. 00 

3.40 

1.43 

.16 

.49 

.31 

1.90 

.34 

.38 

.35 

.46 

1.78 

.02 

T. 

.64 

.42 

2.07 

1.40 

2.91 

1.89 


May 


0.72 
.20 
.74 
.37 
.00 
.00 
.14 
.00 
.00 
.45 
.29 
.21 
.00 
.00 
.00 

2.79 
.39 
.00 
.00 
.33 
.02 
.76 
.18 
.00 
.62 
.00 
.86 
.02 
.08 
.00 

1. 25 
.00 

1.90 
.34 
.07 
.00 
.09 


June 


0.00 
.00 
.07 
.00 
.14 
.00 
.00 
.00 
.00 
.00 
.07 
.00 
.00 
.00 
.20 
.35 

1.62 
.00 
.00 
.03 
T. 
.13 
.00 
.00 
.00 
.00 
.00 
.05 
.05 
.00 
.00 
.78 
.01 
.10 
.00 
.00 
.00 


July. 


0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.  00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
T. 
.00 
.00 
.00 
.00 
.00 
.15 
T. 
.40 
.00 
T. 
.00 
.02 
.06 
.00 
.00 
.00 


Aug. 


0.00 
.00 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

T. 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

T. 
.09 
.00 
.00 
.10 


Total. 


25. 19 

15.  77 
10.27 

8.91 
14.96 
10.50 
14.44 
18.71 
23.07 

4.49 
29.51 
13.58 
25.64 
15. 23 
14.  27 
13.41 
34.47 
13.  08 
24.24 
12. 99 
21.71 
21.58 
32. 37 
18.38 
10.28 
27.41 

6.85 
15.85 
13.  77 
18. 10 

4.99 
12. 35 
12.68 
15.53 
14. 06 
20.45 
11.68 


16.78 


As  has  been  previously  stated,  the  rainfall  for  the  drainage  basin 
of  the  Santa  Ynez  above  the  Mono,  and  for  Mono  Creek,  is  taken 
in  the  computations  as  16.78  inches  as  an  average,  which  is  the 
rainfall  observed  for  thirty-seven  years  at  Santa  Barbara. 

The  drainage  area  above  the  various  reservoir  sites  was  carefully 
determined  from  the  topographic  surveys  of  the  Geological  Survey 
which  have  been  recently  made.  The  area  above  the  Juncal  reser- 
voir site  is  13.4  square  miles;  above  the  Mono  reservoir  site,  119 
square  miles;  above  the  Main  River  reservoir  site,  on  the  Santa 
Ynez  just  below  the  mouth  of  Blue  Canyon,  71  square  miles; 
above  the  Gibraltar  reservoir  site  on  the  main  river,  207  square  miles. 


52  WATER    PROBLEMS    OF    SANTA    BARBARA,    CAL.  [no.  116. 

The  exposure  of  the  drainage  basin  of  the  Santa  Ynez  proper  is 
more  favorable  for  a  large  amount  of  run-off  than  that  of  the  Mono. 
The  rainfall  usually  increases  as  the  mountains  rise  in  elevation, 
but  the  heaviest  precipitation  is  generally  just  beyond  the  crest  of 
the  range  of  hills;  consequently  we  would  expect  an  unusually  large 
precipitation  just  beyond  the  summit  of  the  Santa  Ynez  Range 
north  of  Santa  Barbara.  Moreover,  this  exposure  being  a  northern 
one,  there  is  less  loss  by  evaporation  from  the  soil.  This  rainfall 
is  strikingly  indicated  by  the  brush  cover  on  the  Santa  Ynez  Moun- 
tains as  compared  with  the  cover  in  the  drainage  basin  of  the  Mono. 

As  an  illustration,  it  may  be  mentioned  that  during  the  season  of 
1902-3  the  Mono  drainage  basin  discharged  8,934  acre-feet  of  water 
from  119  square  miles;  the  Santa  Ynez  above  the  Mono  discharged 
9,898  acre-feet  from  71  square  miles,  and  the  basin  above  the  Gibral- 
tar dam  site  discharged  21,202"  acre-feet  from  207  square  miles. 

By  applying  the  diagram  (fig.  1)  showing  the  relation  of  rainfall  to 
run-off  to  the  drainage  areas  of  each  of  the  sites,  the  probable  volum.3 
of  water  available  at  each  in  each  year  has  been  obtained  and  is  given 
in  the  last  three  columns  of  table  12.  It  will  be  noted  that  there  is 
a  very  great  fluctuation  in  the  volume  discharged  in  various  years. 
For  instance,  in  1875-76  there  were  probably  35,190  acre-feet  of  water 
discharged  through  the  Gibraltar  reservoir  site ;  in  the  following  year 
there  were  no  flood  discharges  whatever:  while  in  the  year  1877-78 
there  were  probably  66,240  acre-feet.  This  is  a  strong  argument  in 
favor  of  building  reservoirs  of  sufficient  capacity  to  hold  over  from 
years  of  abundance  to  years  of  deficiency.  It  would  not  be  possible  to 
catch  and  retain  all  the  water  in  all  of  the  years,  as  there  is  a  limit  to 
the  height  of  dam  that  should  be  built  to  be  commercially  profitable. 

In  consulting  a  table  of  estimated  discharge  of  stream  flow  for 
any  given  section,  it  must  be  borne  in  mind  that  the  figures  are 
purely  hypothetical,  exact  determination  being  impossible,  for  numer- 
ous reasons.  The  character  of  the  run-off  is  dependent  upon  the 
character  of  each  particular  rain  storm,  whether  it  is  a  gentle  shower 
or  violent  downpour.  Again,  one  storm  quickly  following  another 
will  produce  a  greater  stream  discharge,  because  there  is  less  oppor- 
tunity of  absorption  of  the  rain  by  the  ground.  The  character 
of  the  exposure,  forest  cover,  etc.,  ah  enter  into  the  considerations, 
rendering  the  question  one  of  great  intricacy.  The  table  given 
is  based  upon  general  results  obtained  in  southern  California  and 
must  be  considered  merely  as  an  estimate  made  from  the  most 
reliable  data  in  hand.  In  order  to  obtain  intelligent  results  along 
these  lines,  it  is  exceedingly  important  for  the  city  of  Santa  Bar- 
bara to  maintain  gagings  on  Santa  Ynez  River  continuously,  par- 
ticularly during  the  construction  of  the  tunnel  prior  to  the  building 
of  the  dam  at  Gibraltar. 

a  Estimated. 
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Table  12. — Hypothetical  run-off  for  Santa  Ynez  reservoir  sites  on  basis  of  observed  Santa 
Barbara  rainfall  and  run-off  diagram. 


Year. 


1867-68... 

1868-69... 
1869-70... 
1870-71 . . . 
1871-72... 
1872-73... 
1873-74... 
1874-75... 
1875-76... 
1876-77... 
1877-78. . . 
1878-79... 
1879-80... 
1880-81 . . . 
1881-82... 
1882-83... 
1883-84... 
1884-85. . . 
188.5-86... 
1886-87... 
1887-88... 
1888-89... 
1889-90... 
1890-91 . . . 
1891-92... 
1892-93... 
1893-94... 
1894-95... 
1895-96... 
1896-97... 
1897-98... 
1898-99... 
1899-1900. 
1900-1901. 
1901-2.... 
1902-3.... 
1903-4. . . . 


Rainfall  of 
Santa  Bar- 
bara and 
Santa  Ynez. 


Run-off 
per  square 

mile  in 
acre-feet. 


25. 19 
15.  77 
10.27 

8.91 
14.96 
10.  50 
14.44 
18.71 
23.07 

4.49 
29.  51 
13.  58 
25.  64 
15.25 
14.27 
13.  41 
34.47 
13.08 
24.24 
12.99 
21.71 
21.58 
32.37 
18.38 
10.28 
27.41 

6.85 
15.83 
13.77 
18.  10 

4.99 
12.  35 
12.68 
15.  53 
14.06 
20.45 
11.68 


210 
60 


50 


40 
105 
170 


320 
10 

230 
50 
40 
30 

430 
30 

190 
30 

150 

150 

370 
90 


Total  run-off  in  acre-feet. 


Juncal 
(drainage 
area,  13 
square 
miles). 


2,  730 
780  ! 


255 


60 
40 
90 


20 
30 
60 
40 
120 
15 


Mono 

(drainage 

area,  119 

square 

miles). 


24,  990 
7,140 


650 


520 
1,365 
2,210 


4,160 

520 

2,990 

650 

520 

390 

5,  590 

390 

2,470 

390 

1,950 

1,950 

4,810 

1,170 


3,315 


780 

520 

1,170 


260 
390 
780 
520 
1,560 
195 


5,  950 


4,760 
12, 495 
20, 230 


38, 080 

4,760 

27, 370 

5,950 

4, 760 

3,  570 

51,170 

3,  570 

22,  610 

3,  570 

17,  850 

17,  850 

44, 030 

10,710 


Main  river 

(drainage 

area,  71 

square 

miles). 


14,910 
4, 260 


3,  550 


2,840 

7, 455 

12, 070 


30, 345 


22, 720 
2,840 

16, 330 
3,  550 
2,840 
2, 130 

30,  530 
2, 130 

13, 490 
2, 130 

10,  650 

10, 650 

26, 270 
6, 390 


18, 105 


7,140 

4, 760 

10,710 


2,  380 

3,  570 
7,140 
4, 760 

a  14, 280 
1,785 


4,260 
2,840 
6,390 


1,420 
2,130 
4,260 
2,840 
^8,520 
1,065 


Gibraltar 

(drainage 

area,  207 

square 

miles). 


43,  470 
12, 420 


10,  350 


8,280 
21, 735 
35, 190 


66, 240 

8,280 

47, 610 

10,  350 

8,280 

6,210 

89, 010 

6,210 

39, 330 

6,210 

31,050 

31,050 

76,  590 

18,  630 


52, 785 


12, 420 

8,280 

18, 630 


4,140 

6,210 
12,  420 

8,280 
24,  840 

3, 105 


«  Measured  flow,  8,934  aere-feet. 


''Measured  flow,  9,898  acre-feet. 
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Table  13. — Measured  run-off  <>J  Santo  Ynez  River  and  Mono  Creek  for  1902-8. 


Month. 


1902. 


July 

August 

September . 
October . . . 
November . 
December . 


1903. 


January . 
February 
March  . . . 

April . 

May 

June. 


Total  run-off  in  acre-feet. 


Estimate  for  1902-3 

Run-off  for  1902-3,  in  acre-feel  per  square  mile 

L903. 

July 

August 

September 

October 

November 

December 


Mono  at 
dam  site 
(drainage 
area,  119 

Main  river 

above  Mono 

(drainage 

area,  71 

square 
miles). 

square 

miles). 

0 

0 

0 

0 

0 

0 

0 

0 

173 

280 

12 

111 

676 

1,193 

389 

755 

1,845 

1 ,  230 

4,820 

4,998 

799 

L,045 

220 

286 

8,934 

9,898 

1  1.2X0 

8,520 

7r,.  1 

139.  1 

21 

68 

10 

31 

7 

18 

3 

9 

2 

a  12 

3 

"14 

46 

152 

a  Estimated. 

Rvn-ofJ  at  Gibraltar,  in  acre-feet,  for  1902  3. 

[Estimated.] 


Mono  at  dam  site 

Sanlii   Ynez  above  Mono 

17  square  miles  Ulow  Mono,  estimated  (  17  X  139.4). 

Total  for  Gibraltar 


8,  93 1 
9,898 
2, 370 

21,202 
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Total  run-off,  ir.  acre-feet,  of  main  river  at  Gibraltar  dam  site. 
\  Drainage  area,  207  square  miles.] 


July 

August 

September 
October  . . 
November 
December 


1903." 


1904. 

January  (7-31 ) 45 

February 690 

March 1,857 

April 1,125 

May 418 

June 42 


Total  for  season 


4,  194 


1904. 

July 2 

August 0 

September 11, 484 

October 535 

November 381 

December 430 

1905. 

January 4,  538 

February 39, 753 


It  is  suggested  that  a  reservoir  should  be  so  constructed  as  to 
supply  at  least  150  gallons  per  capita  daily  for  a  population  of 
10,000,  the  use  and  evaporation  in  this  case  amounting  to  about 
2,100  acre-feet  yearly.  At  the  Mono  reservoir  site  a  dam  85  feet 
high,  holding  water  to  a  maximum  depth  at  the  dam  of  75  feet, 
would  give  this  continuous  supply  for  nineteen  months.  At  the 
Gibraltar  reservoir  site  a  dam  100  feet  high  would  impound  a  two 
years'  supply,  and  a  dam  155  feet  high  would  have  a  capacity  of 
15,793  acre-feet.  These  figures  as  to  now  of  tne  streams  and  capaci- 
ties of  reservoirs  indicate  the  adequacy  of  a  system  based  upon  these 
physical  conditions.  The  records  of  stream  flow  should  be  continu- 
ously maintained   to   assist   in   the  determination  of  the  requisite 


height  of  dam. 


QUALITY    OF'    WATER. 


The  quality  of  the  water  in  the  neighborhood  of  Santa  Barbara 
has  been  made  the  subject  of  long  study  by  Prof.  James  A.  Dodge, 
of  Santa  Barbara.  Herewith. are  given  certain  analyses  made  by 
him  of  the  water  of  creeks  in  this  vicinity.  Although  these  are  not 
absolutely  complete,  inasmuch  as  small  quantities  of  minerals  present 
are  not  stated,  they  were  made  with  care.  Other  complete  analyses 
that  were  made  subsequently  show  no  material  difference  from  the 
results  given.  The  analysis  of  the  water  of  the  city  tunnel  as  supplied 
to  consumers  in  Sauta  Barbara  was  made  at  the  request  of  Doctor 
Cassal,  health  officer  in  1899.  The  amount  of  mineral  substances  in 
solution  in  the  tunnel  water  does  not  materially  differ  from  that  shown 
by  the  analysis  made  of  Mission  Creek  waters  in  1894.  Other  analyses 
made  by  Professor  Dodge  at  various  times,  of  waters  from  the  wells 


"  Estimated. 
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in  the  city,  show  them  to  be,  generally  speaking,  very  similar  to  the 
creek  water.  Professor  Dodge  concludes  that  the  ordinary  water  in 
use  for  domestic  purposes  from  the  strip  of  country  between  Santa 
Ynez  Mountains  and  the  ocean  is  practically  uniform  in  quality. 
There  are,  however,  exceptional  waters  in  this  vicinity  differing 
decidedly  from  those  above  referred  to,  one  of  these  being  the 
Veronica  water,  and  another  the  water  from  the  Hot  Springs. 

ANALYSES    OF    SAMPLES. 

Certain  analyses  were  made  of  the  water  from  Mono  Creek  by 
Prof.  Laird  J.  Stabler,  chemist  for  the  University  of  Southern  Cali- 
fornia and  also  for  the  Southern  California  Medical  College,  one 
(No.  5)  being  of  the  low  summer  How,  consisting  <>l  merely  a  few 
miner's  inches  seeping  through  the  sands  mid  gravels  and  naturally 
containing  an  abnormally  large  amount  of  mineral  matter.  Another 
(No.  7)  was  of  the  water  from  the  first  floods  from  the  drainage  basin, 
which,  as  is  customary  alter  a  long  drought,  carried  some  of  the 
accumulated  salts  deposited  along  the  margins  of  the  stream  by 
summer  evaporation,  and  also  a  large  amount  of  pulverized  sedi- 
ment trampled  by  stock  during  the  preceding  summer  and  readily 
picked  up  and  carried  away  by  the  fust  dash  of  water  over  the 
ground.  These  analyses  of  the  low-water  stage  at  the  end  of  a  dry 
season  and  the  first  flood  water  are  the  most  unfavorable  that  could 
be  made.  The  analyses  of  the  later  Hoods,  made  as  the  season 
advanced,  give  smaller  amounts  both  of  silt  and  of  mineral  matter, 
as  shown  in  analyses  No.  '.»  and  No.  12. 

Analysis  \<>.  I.  water  of  Mission  Creek. 

[Analyst,  James  A.  Dodge;  date  of  analysis,  June,  1894.] 

Grains  per 
C  S.  gallon. 

Sodium  chloride . . 1.  28 

Sodium  sulphate .      "6.  (.>"> 

Calcium  sulphate 7.  45 

Calcium  carbonate 6.02 

Magnesium  carbonate • 4.  21 

Potassium  carbonate Trace. 

Alumina  and  iron  salts Trace. 

Silica Trace. 

Total. 25. 91 

Reaction  of  residue  left  by  evaporation  in  a  platinum  dish,  slightly  alkaline. 

Analysis  No.  2,  water  <>)  Cold  Spring  Creek. 

I  Analyst,  James  A.  Dodge;  date  of  analysis,  June,  1894.] 

Grains  per 
U.  S.  gallon. 

Sodium  chloride 1.  05 

Sodium  sulphate 5.  96 

Calcium  sulphate 10.  <;;} 
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Calcium  carbonate 

Magnesium  carbonate. 
Potassium  carbonate  . 
Alumina  and  iron  salts 
Silica 


Grains  per 
U.  S.  gallon. 

...  6. 25 

. . .  6.  54 

. . .  Trace. 

. . .  Trace. 

. ..  Trace 


Total. 30.  43 

Reaction  of  residue  left  by  evaporation  in  a  platinum  dish,  slightly  alkaline. 

Analysis  No.  3,  water  from  tin  Santa  Barbara  city  water  funnel. 

[Analyst,  James  A.  Dodge;  analysis  made  in  November,  1899,  for  Duel  or  Cassal,  health  officer.] 

Grains  per 
U.  S.  gallon. 

Sodium  chloride 0.  537 

Sodium  sulphate 8.  392 

Magnesium  sulphate ' .  3.  118 

Magnesium  carbonate. 1.  769 

Calcium  carbonate. 14.  097 

Iron  carbonate 122 

Potassium  carbonate 379 

Lithium  salts Trace. 

Silica Trace. 

Nitrates Trace. 

Organic  carbonaceous  matter Trace. 


Total 28.  414 


Analysis  No.  Jh  train-  from  Santa  Ynez  River  at  gaging  station  out -ha/ j  mile  above  month  of 

Mono  Creek. 

[Collected  by  S.  G.  Bennett,  January  A,  1903;  analyst,  Laird  J.  Stabler.     Clear  water;  low  stage  before 

winter  floods.] 


Parts  per 
100,000. 


Sodium  chloride... 
Sodium  sulphate.. 
Sodium  carbonate. 
Total  solids 


Analysis  No.  5,  ivater  from  Mono  Creek  at  gaging  station  near  mouth. 
[Collected  by  S.  G.  Bennett,  January  4,  1903;  analyst,  Laird  J.  Stabler.     Clear  water,  low  stage.] 


Sodium  chloride 

Sodium  sulphate 

Sodium  carbonate 

Total  mineral  matter. 


Parts  per 
100,000. 
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Inc.  116, 


Analysis  No.  6,  water  from  Santa  Ynez  River  above  mouth  of  Mono  Creek. 
[Collected  by  W.  B.  Clapp,  November,  1902;  analyst,  Laird  J.  Stabler.    First  flood.] 


Grains  per 
gallon. 


Sodium  chloride 2.  50 

Sodium  sulphate 38.  25 

Sodium  carbonate 10.  13 

Total  solids  in  suspension j  1 ,  749.  50 

Total  solids  in  solution 67.  64 


Parts  per 
100,000. 


3.5 

65.6 

17.38 

2, 640.  00 

116.00 


Solid  matter  deposited  in  30  hours,  7.3  per  cent  by  volume:  solid  matter  deposited  in 
3  days,  7.3  per  cent  by  volume. 

Analysis  No.  7,  water  from  Mono  Creek  near  dam  site. 
[Collected  by  W.  B.  Clapp,  November,  1902;  analyst,  Laird  J.  Stabler.     First  flood.] 


Grains  per 

gallon. 


Sodium  chloride 2.  3 

Sodium  sulphate 33.  1 1 

Sodium  carbonate 9.  51 

Total  solids  in  suspension 342.  80 

Total  solids  in  solution , 57.  15 


Parts  per 
.    100, (XX). 


3.94 

.56.80 

16.  32 

931.00 

98.00 


Solid  matter  deposited  in  30  hours,   I  per  cenj  by  volume:  solid  matter  deposited  in 
3  days,  4.1  per  cent  by  volume. 

Analyst*  No.  7,  water  from  Mono  Creek. 
[Collected  January  24,  1903, a1  low  Btage;  analyst,  James  A.  Dodge.] 

Grains  per  gallon. 

Suspended  siliceous  matter,  separated  by  lilt  rat  ion 1.  46 

Sodium  chloride 5.  49 

Sodium  carbonate. 3.  73 

Sodium  sulphate '. 13.  14 

Magnesium  sulphate 22.  43  * 

Calcium  sulphate 10.  34 

Calcium  carbonate 1 6.  99 

Aluminum  sulphate 1.17 

Iron  salts Trace. 

Potassium  salts Trace. 

Organic  matter Trace. 

Total  dissolved  substances 73.  29 

The  following  analyses  of  waters  from  Mono  Creek  and  Santa 
Ynez  River  were  taken  from  the  low  stage  of  the  stream  subsequent 
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to  the  first  flood,  but  it  is  believed  that  they  still  contained  abnor- 
mally high  quantities  of  solids  in  solution: 

Analysis  No.  8,  water  from  Santa  Ynez  River  at  cable  station. 
[Collected  by  IT.  Rankin,  January  29,  L903;  analyst,  Laird  J.  Stabler.     Low  stage.] 


Grains  per 
gallon. 


Chlorides  as  sodium  chloride 

Carbonates  as  sodium  carbonate 

Sulphates  as  sodium  sulphate' 

Total  solids  in  solution 

Total  solids  in  suspension  (0.02  per  cent  ) 


2.04 
14.45 
18.49 
34.99 
11.66 


Analysis  No.  9,  water  from  Mono  Creel:  at  cablt  station. 
[Collected  by  H.  Rankin,  January  29,  1903;  analyst,  L.  J.  Stabler.] 


Parts  per 

100,(KK). 


3.5 

24.8 
31.72 
60.00 
20.  00 


Chlorides  as  sodium  chloride : 

Carbonates  as  sodium  carbonate 

Sulphates  as  sodium  sulphate 

Total  solids  in  suspension  (0.02  per  rent ) 
Total  solids  in  solution 


Grains  per 
gallon 

Parts  per 
100,000. 

3.67 

6.3 

10.  99 

18.  86 

37.00 

63.  44 

13.99 

24.00 

56.  20 

97.2 

Analysis  No.  10,  mater  from  Santa  Ynez  River  at  cable  station. 
[Collected  by  II.  Rankin,  January  30,  1903;  analyst,  L.  J.  Stabler.] 


Chlorides  as  sodium  chloride 

Carbonates  as  sodium  carbonate 

Sulphates  as  sodium  sulphate 

Solids  in  solution 


Grains  per 
gallon. 

Parts  per 
100,000. 

2.04 

3.5 

16.31 

27.98 

18.64 

31.  96 

44.51 

69.2 

Analysis  No.  11,  water  from  Mono  Creek  at  cable  station. 
[Collected  by  II.  Rankin,  January  30,  1903;  analyst,  L.  J.  Stabler.] 


Grains  per 
gallon. 

Parts  per 
100,000. 

Chlorides  as  sodium  ehloride 

3.67 
14.  60 
44.  10 
65.  42 

6.3 

Carbonates  as  sodium  carbonate. 

Sulphates  as  sodium  sulphate 

Solids  in  solution . 

25.  01 

75.  64 
112.0 
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[NO.  1  It.. 


Analysis  No.  ! .',  water  from  Mono  Creek. 

[Collected  by  II.  Rankin,  January  28,  1903;  analyst,  James  A.  Dodge.     Flood  water.] 

Grains  per  gallon. 

Sodium  chloride - 0.  99 

Sodium  carbonate 1.  05 

Sodium  sulphate 7.  59 

Magnesium  sulphate. 3.  52 

Calcium  sulphate 6.  07 

Calcium  carbonate 7.  83 

Iron  carbonate 88 

Potassium  salts Trace. 

Organic  matter Trace. 


Total 27.  93 

This  water  contained  silt,  suspended  and  subsided,  consisting  mainly  of  clay,  but  con- 
taining some  fragments  of  vegetable  matter,  and  amounting  to  3^  percent  by  weight  of  the 
total  water.  This  silt  subsided  with  moderate  quickness  and  left  the  water  clear  in  some- 
what less  than  three  days. 

Analysis  No.  13,  water  from  Mono  Creek. 

[Collected  by  II.  Rankin,  February  26,  L903;  discharge,  1.50 second-feet;  analyst,  L.  J.  Stabler.,] 


Sodium  chloride 

Sodium  carbonate. . . 

Sodium  sulphate 

Potassium  sulphate. 

Calcium  sulphate 

Calcium  carbonate. . 
Magnesium  carbonat 

Total 


i  Ira  ins  per 
gallon. 

Parts  per 

IliO.OOO. 

4.01 

0.87 

2.00 

3.43 

14.85 

25.  46 

1.02 

1 .  72 

30.  45 

52.  22 

3.82 

6.  56 

8.42 

14.43 

64.57 


110.69 


The  mineral  matter  is  rather  excessive  for  domestic  purposes.  The  alkali  salts  are  not 
beyond  the  limit  for  irrigation,  but  amount  present  would  be  large  for  some  soils.  The 
water  would  form  considerable  hard  scale  in  boilers.  As  this  is  ;i  low-water  sample,  it 
shows  more  mineral  salts  than  flood-water  samples. 

Analysis  No.  I',,  watt r  from  Mono  Creek. 
[Collected  by  II.  Rankin.  February  26,  L903;  discharge,  L5  second-feet;  analyst,  James  A.  Dodge.] 

Grains  per  gallon. 

Sodium  chloride 3.  97 

Sodium  carbonate. 3.  91 

Sodium  sulphate. 13.  84 

Magnesium  sulphate... 21.  55 

( 'alcium  sulphate S.  37 

Calcium  carbonate •  22.  02 

Iron  carbonate Trace. 

Aluminum  sulphate Q.  52 

Potassium  salts _ Trace. 

Silica 0.  41 

Total-  -  - - 74.  59 

Suspended  matter 0.  29 
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Analysis  No.  15,  from  Santa  Ynez  River  at  Gibraltar. 
[Collected  by  L.  M.  Hyde,  May  2,  1904;  discharge,  10.97  second-feet;  analyst,  James  A.  Dodge.] 

1.  General  character  of  the  water. 

Clear,  colorless,  free  from  odor,  of  good  taste;  showing  a  slight  sediment  in  the  bottle, 
not  sufficient  for  quantitative  determination.     Reaction  slightly  alkaline. 

2.  Organic  matter. 

A  microscopic  examination  of  the  very  small  amount  of  matter  separated  by  filtering, 
including  the  above-mentioned  sediment,  showed  some  plant  fibers  and  parts  of  vegetable 
organisms;  also  a  few  infusoria  in  a  state  of  activity.  These  are  usually  present  in  river 
and  lake  waters. 

3.  Chemical  analysis  of  the  mineral  matter  in  solution. 


Calcium  carbonate. .. 

Calcium  sulphate 

Magnesium  sulphate  . 

Sodium  sulphate 

Sodium  chloride 

Potassium  carbonate. 

Lithium  salts 

Iron  salts 

Nitrates 

Silica 


Total 


Parts  per 
100,000. 


34.98 
4.03 

25.  78 

12.  57 
3.64 
1.05 

Trace. 

Trace. 

Trace. 

Trace. 


(Jrains  per 
U.  S.  gallon. 


82.05 


20.  393 
2.  350 

15.  030 
7.  328 
2.  122 
0.612 
Trace. 
Trace. 
Trace. 
Trace. 


47.  835 


The  foregoing  substances  are  to  be  understood  as  in  the  anhydrous  state. 

Degrees. 

Total  hardness 37 

Permanent  hardness 20 

Temporary  hardness 17 

The  total  and  the  permanent  hardness  were  determined  by  the  use  of  a  standardized 
soap  solution.  The  temporary  hardness  is  found  by  subtracting  the  permanent  from  the 
total. 

The  U.  S.  gallon  of  231  cubic  inches  is  the  basis  of  these  results,  not  the  imperial  gallon, 
as  formerly  customary. 

This  analysis  shows  that  the  water  is  of  good  quality  for  domestic  use  and  for  irrigation. 
For  table  use,  like  the  water  of  all  streams  in  this  vicinity,  it  would  be  improved  by  boil- 
ing and  settling.  This  process  removes  a  considerable  part  of  the  mineral  matter  and 
destroys  infusoria  and  other  living  organisms.  For  use  in  steam  boilers  it  would  be  advis- 
able to  submit  this  water  to  a  softening  treatment  before  taking  it  into  the  boilers. 


DISCUSSION    OF    ANALYSES. 


Up  to  January  28,  1903,  this  season  was  not  productive  of  floods/ 
the  precipitation  having  been  largely  in  the  form  of  snow  in  the 
higher  mountains,  and  the  high  water  occurring  later  in  the  spring. 
For  this  reason  all  of  the  samples  except  Nos.  6,  7,  and  12  were  taken 
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when  the  stream  was  at  low  stage.  The  water  that  runs  off  the 
surface  of  the  ground  in  floods  will  not  contain  as  much  mineral 
matter  as  that  which  seeps  through  the  soil  into  the  stream  during 
its  low  stage.  Samples  Nos.  12  and  13  show  this  to  be  true.  It  is 
probable  that  over  80  per  cent  of  the  total  annual  discharge  of  the 
Mono  will  be  in  freshets.  This  being  the  case,  we  may  expect  the 
water  that  is  stored  in  reservoirs  to  be  more  nearly  like  the  flood- 
water  than  the  low-water  samples  analyzed.  If  the  low-water  flow 
tends  to  deteriorate  the  whole  impounded  in  the  reservoir,  it  may 
be  carried  around   the  reservoir  in  a  conduit. 

The  first  flood  that  is  flushed  over  the  surface  of  a  drainage  basin 
after  a  drought  will  absorb  more  mineral  matter  than  later  Hoods 
will  find.  Thus  sample  No.  12  shows  better  water  than  No.  7. 
Sample  No.  12,  from  the  second  flood  water  of  the  Mono,  shows  a 
water  practically  the  same  as  that  now  being  used  by  the  city  of 
Santa  Barbara  from  Mission  Creek  and  the  city  tunnel.  The  low- 
water  samples  contain  a  high  per  cent  of  mineral,  but  even  they  are 
pronounced  harmless  by  Mr.  Dodge.  The  water  of  the  Santa  Ynez 
above  the  Mono  is  better  than  the  Mono  water.  The  water  stored 
at  the  Gibraltar  site  would  be  a  blended  water,  grading  between  the 
two;  and  in  view  of  the  fact  that  this  is  the  only  source  of  supply 
open  to  the  city  for  an  adequate  amount  of  water,  it  is  believed  that 
it  should  be  accepted. 

Prof.  James  A.  Dodge,  a  chemist  of  marked  and  recognized  ability, 
residing  at  Santa  Barbara,  who  made  a  number  of  the  foregoing 
analyses,  gives  the  following  statement  about  the  quality  of  this 
supply: 

On  the  supposition  that  the  proposed  reservoir  no  Mono  Creek  will  be  filled  with  (lie 
flood  water  of  the  creek,  but  that  the  water  running  in  the  creek  during  its  low  stages  will 
also  pass  into  the  reservoir,  the  water  as  supplied  to  this  city  from  that  source  will  in  its 
composition  come  between  the  samples  analyzed  by  me  and  reported  on  the  Kith  and 
21st  of  February  [No.  12]  and  the  1th  of  March  [No.  14],  and  might  under  certain  con- 
ditions approximate  to  the  first  of  these  samples. 

Considering,  therefore,  this  low-water  sample,  I  call  attention  to  the  fact  that  the  prin- 
cipal mineral  ingredients — that  is,  those  present  in  greatest  quantity— are  the  familiar 
calcium  and  magnesium  salts  of  our  hard  waters.  A  person  drinking  a  quart  of  this 
water  would  take  into  his  stomach  from  12  to  13  grains  of  these  salts.  He  would  at  the 
same  time  take  about  5  grains  of  sodium  salts,  equally  common  in  our  natural  waters  as 
used  for  domestic  purposes,  together  with  a  very  small  amount  of  other  harmless  mineral 
substances. 

In  my  opinion,  these  quantities  of  all  these  substances,  taken  in  water,  would  not  he 
sufficient  to  produce  any  deleterious  or  unpleasant  effects  upon  a  person  in  good  health, 
properly  supplied  with  food.  Nor  would  the  habitual  use  of  the  water  bring  about  any 
bad  consequences.  In  the  ease  of  some  persons  in  delicate  health,  or  of  persons  fasting, 
the  same  substances  in  the  same  quantity  contained  in  the  water  would  probably  have 
the  medicinal  action  of  an  aperient.  This  opinion  is  based  on  actual  experience  in  the  use 
of  such  water  by  myself  and  by  others  in  the  same  company. 
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I  will  add  that  this  water  by  being  boiled  would  be  eaused  to  deposit  a  part  of  the  calcium 
and  magnesium  salts,  in  the  form  of  carbonates,  and  would  thereby  be  improved.  Fur- 
thermore, aside  from  the  removal  of  a  part  of  the  mineral  matter,  all  water  taken  from 
streams  and  lakes,  in  view  of  the  possibility  of  its  contamination  by  disease  germs,  needs 
boiling  to  make  it  perfectly  safe  for  domestic  use.  After  being  boiled  and  decanted  from 
the  precipitated  substances,  the  water,  if  placed  in  a  suitable  receptacle,  will  keep  as  long 
as  may  be  desired  and  will  be  quite  potable  from  first  to  last. 

As  regards  the  use  of  the  Mono  Creek  water  for  cooking  purposes,  in  my  opinion  the 
quantity  of  mineral  substances  introduced  into  the  articles  cooked  with  it  would  not  be 
sufficient  to  produce  any  noticeable  effects. 

For  washing  this  is  a  hard  water.  It  would,  with  ordinary  soaps,  be  somewhat  more 
troublesome  than  the  waters  now  supplied  to  the  people  of  this  city. 

In  the  irrigation  of  trees,  shrubs,  and  other  plants,  this  water  would  not  produce  any 
injurious  effects,  unless  applied  in  extraordinary  quantity  or  on  soil  with  little  or  no 
drainage. 

It  must  be  admitted  that  these  waters  are  not  of  high  grade  for 
domestic  use  because  of  the  large  quantities  of  mineral  matter  in 
solution,  but  it  is  not  believed  that  they  will  be  injurious  to  health, 
nor  will  they  be  harmful  to  vegetation.  The  sulphate  of  sodium 
is  not  harmful,  and  the  sulphate  of  lime  tends  to  neutralize  the  car- 
bonates. All  stream  waters  contain  more  or  less  mineral  matter. 
Chemically  pure  water  is  neither  pleasant  to  drink  nor  healthful. 
The  question  of  soils  becoming  alkaline  from  irrigation  with  salty 
water  is  largely  dependent  upon  the  slope  and  drainage  that  the 
soil  itself  has.  In  a  hill  country  water  containing  unusual  quan- 
tities of  alkali  may  be  used  with  impunity,  while  in  a  flat  country 
a  water  of  much  better  grade  could  not  be  applied  in  irrigation 
without  producing  bad  effects.  No  organic  impurities,  which  are 
most  to  be  feared,  will  be  found  in  these  waters  in  dangerous  quan- 
tities. 

It  should  be  stated  that  the  samples  Nos.  4  to  11,  given  Professor 
Stabler,  were  not  large  enough  in  volume  to  permit  of  complete 
analysis. 

Mr.  Thomas  H.  Means/'  of  the  Bureau  of  Soils  of  the  Department 
of  Agriculture,  makes  the  following  comment  upon  the  quality  of 
the  water  as  indicated  by  the  foregoing  analyses : 

I  have  examined  the  analyses  given  in  your  report  to  the  city  water  commissioners  of 
Santa  Barbara,  Cal.,  with  a  view  to  determining  whether  these  waters  would  be  consid- 
ered favorable  for  city  use  or  not.  I  have  considered  the  sources  as  free  from  contamina- 
tion through  animals  and  consequently  have  confined  my  attention  to  the  mineral 
ingredients  which  the  water  carries. 

As  I  understand  the  situation,  the  water  which  you  propose  to  carry  through  the  moun- 
tains by  a  tunnel  is  to  be  stored  in  a  reservoir  on  Santa  Ynez  River  and  comes  in  something 
like  equal  parts  from  Santa  Ynez  River  and  Mono  Creek.     The  analyses  in  your  report  are 


"  Mr.  Means  has  since  been  appointed  engineer  of  soils  of  the  Reclamation  Service. 
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from  samples  taken  from  both  streams.     The  following  (able  is  a   recapitulation  of  the 
analyses,  showing  only  the  total  solids  in  100,000  parts  of  water: 

( 'omparison  <>}  analyses  of  Santa  Ynez  and  Mono  waU  r. 


Date. 

Stage  of  Santa  Ynez 
River. 

Farts  per 
100,000. 

Date. 

Stage  of  Mono  (  reek. 

Parts  per 
100,000. 

1903. 
Jan.        4 

Nov.'''  — 

Low     stage      before 

floods. 
First  flood 

73.  60 

116.00 

60.00 
69.20 

1903. 
Jan.        4 

Nov."    - 
Jan.      29 
30 
28 
26 
"<; 

Low      stage       before 

floods. 
First  flood 

140.  00 
98.00 

Jan.     29 

Low  stage 

Low   stau[c 

97.  20 

30 

do 

do.? 

Flood 

112.00 
48.30 

Low  water 

110.69 

do 

129.00 

All  of  these  samples,  with  one  exception,  are  collected  at  low  stage  of  the  stream, when 
the  amount  of  soluble  matter  i-  usually  highest,  or  at  first  flood  after  the  dry  season,  when 
the  accumulations  of  saline  matter  from  the  surface  of  the  soil  are  -wept  into  the  stream. 
So  these  analyses  probably  represenl  the  worsl  condition  of  the  water.  The  only  flood 
sample  is  that  from  the  Mono  Creek  collected  January  28,  1903,  and  its  analysis  shows 
considerably  less  than  half  the  soluble  matter  found  in  the  low-stage  How  of  the  stream. 
I  presume  if  flood  samples  were  collected  from  the  Santa  Ynez  a  similar  falling  off  in 
amount  of  soluble  matter  won  hi  be  noted.  The  importance  between  this  difference  in  low- 
water  and  flood  stages  is  very  great,  especially  where  the  floods  can  be  stored  and  where 
if   may  be  possible  to  divert  the  low-water  flow   and  cany  it   around  the  reservoir. 

The  waters  of  Mono  Creek  seem  to  carry  much  more  soluble  matter  than  do  those  of  the 
Santa  Ynez.  The  average  of  the  anal}  ses  giveD  under  the  first  lour  dates  in  the  table  shows 
Mono  Creek  to  carry  neatly   19  per  cent  more  soluble  mattei  than  does  Santa  Ynez  River. 

If  the  same  ratio  holds  during  the  fl I  seasOE  the  mixture  of  waters  in  the  two  streams 

should  carry  less  than  40  parts  per  lOO.(XK)  part-  of  water,  or  a  water,  as  will  be  shown  later, 
which,  according  to  the  mosl  rigid  standards  in  eastern  cities  and  in  Europe,  would  be  classed 
as  "good"  for  domestic  use.  On  the  other  hand,  if  the  low-water  discharge  alone  is  con- 
sidered the  average  of  a  mixture  of  the  two  waters  would  be  about  1  11  parts  per  100,000. 
Later  I  will  show  that  according  to  accepted  standards  this  amount  of  soluble  matter  is 
well  within  the  limit  of  western  American  sanitary  engineers. 

The  standard  most  generally  accepted  in  ea-tern  United  States  and  Europe  allows  50 
parts  per  100,000  parts  of  water.  More  than  that  quantity  serves  to  condemn  a  water  or 
class  it  as  a  water  only  "  fair''  for  domestic  use,  while  waters  carrying  less  than  .",()  parts  ate 
classed  generally  as  good.  E.  W.  Hilgard,  of  the  University  of  California,  places  the  limit 
for  domestic  use  at  40  grains  per  gallon  (68.6  parts  per  100,000).  J.  K.  Haywood,  chief 
of  the  water  laboratory  of  the  Bureau  of  Chemistry  in  the  United  States  Department  of 
Agriculture,  in  an  article  on  Analysis  of  Waters  and  Interpretation  of  Results,  published 
in  the  Department  of  Agriculture  Yearbook  for  L902,  makes  the  following  statement: 
"Some  water  analyzers  would  east  aside  all  doubt  by  declaring  that  waters  containing 
above  686  parts  per  million  (68.6  parts  per  100,000)  are  to  be  condemned,  but  such  is  not 
the  case,  as  there  are  many  instances,  especially  in  the  West,  of  water  containing  1,200  parts 
per  million  (120  parts  per  100,000)  and  over  being  used  without  apparent  evil  results." 

As  a  matter  of  precedent,  I  might  say  that  there  are  a  number  of*  small  western  towns 
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using  water  carrying  more  than  100  parts  soluble  matter  per  100,000  parts  of  water,  and  that 
the  city  of  Phoenix,  Ariz.,  supplies  about  15,000  people  with  water  carrying  from  102  to 
136  parts,  without  apparent  inconvenience  or  harmful  effect.  Numerous  domestic  supplies 
for  families  have  been  observed  by  myself  carrying  from  400  to  500  parts  per  100,000,  all 
without  evil  effect  and  with  no  inconvenience  except  that  the  waters  were  unpalatable  at 
first.  The  inhabitants  of  some  parts  of  the  Southwest  have  become  so  used  to  the  saline 
waters  that  I  have  seen  pure  water  salted  at  table  to  bring  back  the  familiar  taste 

I  find  it  very  difficult  to  draw  any  definite  conclusions  from  the  character  of  the  salts  in 
the  water,  for  I  am  not  familiar  with  the  methods  employed  by  the  chemists  in  calculating 
these  analyses.  However,  it  seems  that  the  most  important  constituents  are  salts  of  lime. 
These  serve  to  make  the  water  hard,  will  cause  considerable  losses  in  soap  used,  and  will 
give  trouble  in  boiler  use  by  forming  scale.  I  can  not  say  how  much  of  this  hardness  is 
"temporary"  and  how  much  "permanent."  The  two  analyses,  Nos.  13  and  14,  are  evi- 
dently made  from  duplicate  samples  by  two  chemists  working  independently.  One  of 
them,  No.  13,  would  be  classed  as  a  hard  water  with  nearly  all  the  hardness  permanent,  or, 
in  other  words,  it  could  not  be  removed  by  boiling.  On  the  other  hand,  when  we  consider 
analysis  No.  14,  nearly  one-half  of  the  hardness  is  temporary,  or  could  be  removed  by 
simply  boiling  and  allowing  the  sediment  to  settle.  If  a  new  set  of  analyses  were  made  I 
would  suggest  they  be  made  by  some  accepted  standard  of  water  analyses  and  both  "  tem- 
porary" and  "permanent"  hardness  be  determined. 

Of  the  other  salts  present  only  the  sodium  sulphate  and  magnesium  sulphate  are  present 
in  sufficient  quantity  to  warrant  consideration.  Both  these  salts  are  laxative,  but  only 
the  most  delicate  constitutions  would  be  affected  by  the  small  amounts  taken  in  this 
water.  Newcomers  to  the  locality  might  notice  the  effect  of  the  water  for  a  few  days, 
but  I  am  sure  no  evil  effects  can  possibly  come  from  the  constant  use  of  such  water. 
•  The  small  amounts  of  sodium  carbonate  would  either  neutralize  the  effects  of  part  of  the 
calcium  sulphate  or  would  react  with  some  of  the  magnesium  salts  to  lower  the  amount  of 
"  permanent"  hardness.  The  amount  of  sodium  chloride  is  so  small  as  to  be  negligible  in 
considering  the  value  of  the  water. 

.  In  summing  up  the  matter  I  will  say  that  I  think  the  flood  flow  of  the  united  Santa 
Ynez  and  Mono  will  prove  to  be  well  within  the  limits  set  down  by  the  most  rigid 
eastern  standards,  and  that  from  the  available  analyses  even  the  low-stage  flow  will  be 
found  to  be  well  within  the  limits  allowable  for  western  cities  and  much  lower  in  salt  con- 
tents than  many  waters  which  have  been  in  use  for  a  long  time  without  deleterious  effects. 

If  further  analyses  are  made  I  would  suggest  that  both  "  temporary  "  and  "  permanent " 
hardness  be  determined  and  that  some  attempt  be  made  to  collect  flood  samples  as  well  as 
the  normal  and  low  stage  from  both  streams. 

In  respect  to  the  amount  of  solid  matter  in  the  stream,  it  will 
be  seen  that  there  was  less  silt  in  the  first  flood  water  from  the  Mono 
than  from  the  Santa  Ynez;  the  reverse  may  be  expected  under  ordi- 
nary conditions.  Both  of  these  analyses  show  the  percentage  of  wet 
silt  by  volume  at  the  expiration  of  a  short  period  of  settlement.  This 
determination  of  solid  matter  by  volume  gives  an  exaggerated  idea,  of 
the  way  in  which  the  silt  might  be  expected  to  destroy  the  storage 
capacity  of  the  reservoir,  for  it  will  compact  as  it  settles  in  the  reser- 
voir and  as  other  silt  is  deposited  upon  it.  In  this  manner  it  will 
solidify  into  soil  occupying  from  one-half  to  one-quarter  of  the  space 
indicated  by  its  volumetric  determination.  Later  floods  have  shown 
less  than  one-tenth  of  1  per  cent  of  silt. 

The  way  to  meet  the  silt  problem  in  the  future  will  be  by  building 
ier  116—05 5 
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the  dams  higher  when  their  storage  capacity  is  impaired.  The  eleva- 
tion of  the  bed  of  the  creek  at  the  Mono  reservoir  site  is  1,440  feet; 
the  capacity  to  the  1,530-foot  elevation  is  6,509  acre-feet.  If  the 
water  level  is  raised  10  feet,  or  to  the  1 ,540-foot  elevation,  the  capacity 
will  be  increased  2,254  acre-feet,  or  34.6  per  cent.  If  we  consider 
that  the  reservoir  will  lose  as  much  as  2  per  cent  of  its  capacity  annually 
by  silting,  or  34  per  cent  in  seventeen  years,  the  original  capacity 
could  be  restored  by  raising  this  dam  10  feet  in  height  at  the  end  of 
that  period  of  time.  In  a  similar  manner  the  capacity  of  the  Gibral- 
tar reservoir  may  be  increased  about  30  per  cent  by  raising  the  crest 
10  feet  above  the  155-foot  elevation. 

FOREST    COVER. 

The  true  and  permanent  solution  of  this  silting  problem  lies  in  the 
protection  and  development  of  the  forest  and  brush  cover  of  this 
reserve.  A  valuable  brush  cover  is  shown  in  PI.  Ill,  B.  Under  existing 
conditions  the  Los  Prietos  Y  Najalayegua  grant  is  wedged  in  between 
the  Pine  Mountain  and  Zaca  Lake  Forest  Reserve  and  the  Santa  Ynez 
Forest  Reserve,  along  the  canyon  of  Santa  Ynez  River.  This  private 
grant  is  not  only  pastured  to  sheep  and  goats,  but  is  also  subject  to 
attacks  from  fires  originating  thereon  which  can  not  be  properly 
restrained.  Sheep  have  been  described  as  the  hoofed  locusts  of  the 
mountains.  Their  small  feet  cut  up  and  pulverize  the  soil,  destroying 
the  plants  and  roots  that  might  otherwise  escape  them.  They  are  a 
menace  almost  equal  to  that  of  fire  to  every  drainage  basin  in  south- 
ern California  which  they  enter.  Arrangements,  if  possible,  should 
be  made  looking  toward  the  condemnation  of  this  property  in  some 
way  and  its  addition  to  the  forest  reserves  above  referred  to.  The 
board  of  water  commissioners  of  Santa  Barbara  very  wisely  and 
properly  have  urged  this  matter  with  the  Departments  at  Washing- 
ton, and  the  forestry  experts  who  have  examined  the  region  have 
favorably  reported  upon  the  action  suggested." 

With  a  natural  increase  of  vegetation  and  protection  from  the  fires 
which  have  raged  through  this  district  for  years  past  it  is  believed 
that  the  silt  danger  would  be  largely  mitigated.  This  is  a  subject 
which  should  be  followed  up  as  one  of  vital  importance,  and  but  one 
solution  should  be  permitted,  to  wit,  the  expulsion  of  the  sheep  from 
the  drainage  basin  of  the  Santa  Ynez  and  the  protection  of  the 
forest  and  brush  cover  from  fire.  Otherwise  the  drainage  basin  is 
satisfactory.  There  are  practically  no  human  habitations  within  its 
borders  above  the  proposed  reservoir  sites,  and  probably  will  be  none 
in  the  near  future,  as  the  country  is  too  mountainous  and  too  inhospi- 

«In  December,  1903,  after  the  above  had  been  written,  an  Executive  order  included  this  grant  in 
the  forest  reserve,  an  exchange  of  holdings  having  been  arranged  with  the  owner,  and  now  the  entire 
reservation,  including  the  whole  basin  of  the  upper  Santa  Ynez,  is  known  as  the  Santa  Barbara  For- 
est Reserve. 
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tabic  to  admit  of  agricultural  pursuits.     The  greater  portion  of  the 
basin  is  now  included  in  forest  reserves. 


RESERVOIR    SITES. 
JUNCAL  SITE. 


Mr.  George  Wright  made  surveys  of  the  Juncal  reservoir  site  and 
determined  the  following  capacities : 

Table  14. — Capacities  0}  the  Juncal  reservoir  site  for  various  heights  of  dam. 


Height  of 
dam  in  feet. 

Million  gal- 
lons. 

Acre-feet. 

50 

350 

1,074 

75 

705 

2,164 

100 

1,050 

3, 222 

125 

1,437 

4,410 

150 

1,877 

5,760 

175 

2,352 

7,218 

200 

4,000 

12, 276 

It  will  be  noted  that  with  a  dam  100  feet  high  the  capacity  of  the 
Juncal  reservoir  is  3,222  acre-feet;  with  a  100-foot  dam  on  the  Mono 
reservoir  site  the  capacity  is  8,763  acre-feet.  The  Mono  site,  there- 
fore, has  2.72  times  the  capacity  of  the  Juncal,  with  the  same  height  of 
dam.  The  Gibraltar  dam,  100  feet  high  above  stream  bed,  will  hold 
6,480  acre-feet.  It  is  believed  that  the  Juncal  reservoir  site  alone  will 
not  furnish  an  adequate  water  supply  to  the  city,  but  when  used  in 
connection  with  other  reservoir  sites  having  greater  drainage  areas 
above  them  it  may  be  of  value.  The  drainage  area  above  the  Juncal 
is  but  13.4  square  miles,  not  23^  square  miles  as  reported  upon  previ- 
ously by  other  engineers.  The  length  of  a  dam  200  feet  high  at  the 
Juncal  would  be  550  feet  on  top,  and  a  100-foot  dam  would  be  272  feet. 

Mr.  Purslow  estimated  that  the  cost  of  building  a  100-foot  dam  and 
a  riveted-steel  pipe  line  (which  latter  must  be  considered  as  temporary 
construction)  to  Santa  Barbara  would  be  $282,450.  He  also  states 
that  the  run-off  from  the  drainage  basin  of  the  Juncal  was  measured 
in  the  winter  of  1895-96  and  that  it  amounted  to  2,455  acre-feet.  On 
the  other  hand,  it  is  estimated  in  this  report  (see  p.  53)  that  the  run- 
off of  the  Juncal  in  1895-96  was  only  520  acre-feet  from  13  square 
miles — a  figure,  therefore,  apparently  overconservative.  However, 
there  probably  was  a  flood  in  January,  1896,  as  the  rainfall  for  that 
month  was  6.84  inches  at  Santa  Barbara  and  probably  9  inches  in  the 
drainage  basin  of  the  Juncal.  This  may  have  produced  a  rather 
abnormal  flood  condition.     As  Mr.  Purslow  gives  no  details  of  his 
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work,  not  even  the  length  of  time  of   his  observations,  his   results 
can  not  be  accepted  as  conclusive. 

Mr.  Wright  states  that  the  rock  at  this  dam  site,  which  is  quite 
similar  to  the  formation  prevailing  throughout  this  region,  weighs  149 
pounds  per  cubic  foot.  In  this  estimate  this  rock  has  been  considered 
as  weighing  150  pounds  per  cubic  foot,  as  determined  at  various  points 
along  the  Coast  Range  by  geologists.  Masonry  work  made  therefrom 
is  taken  to  weigh  143  pounds  per  cubic  foot. 

MAIN  RIVER  SITE. 

The  Main  River  reservoir  site  was  investigated  by  Mr.  Purslow. 
This  also  was  surveyed  by  W.  B.  Clapp  for  the  Geological  Survey. 
We  find  that  a  dam  65  feet  in  height  would  have  a  storage  capacity 
of  1,311,000  gallons,  or  4,023  acre-feet,  to  the  65-foot  How  line.     Figs. 


Fig.  2.— Miiin  River  reservoir  site. 


2  and  3  show  the  reservoir  and  dam  sites.  The  Mono  reservoir 
site  with  water  held  to  the  75-fool  Level  would  have  a  capacity  of 
3,968  acre-feet.  The  Main  River  dam.  however,  would  contain  very 
much  more  masonry  and  be  more  expensive  than  the  Gibraltar  or 
the  Mono  dam.  A  dam  75  feet  high  at  the  Main  River  site  would 
be  592  feet  long  on  top  and  427  feet  long  on  the  base.  At  the  Mono 
dam  site  a  dam  75  feet  high  would  be  277.5  feet  long  on  top  and 
150  feet  long  at  the  bottom.  The  Gibraltar  is  still  more  favorable. 
With  an  85-foot  rock-fill  dam  at  the  Mono  the  cost  per  acre-foot 
of  capacity  is  $36,  while  at  the  Main  River  site  with  a  65-foot  con- 
crete dam  the  cost  is  about  $154  per  acre-foot  of  capacity,  depend- 
ing on  depth  of  bed  rock. 
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Mr.  Purslow  states  that  it  would  require  a  tunnel  15,500  feet  long 
to  pass  through  the  Santa  Ynez  Range  to  the  coast  side  and  that 
the  estimated  cost  of  developing  this  work  would  be  $557,000.  It 
is  believed  that  a  shorter  location  can  be  found.  The  width  of 
canyon  covered  by  debris  at  the  Main  River  dam  site  is  so  great 
and  the  depth  to  bed  rock  so  uncertain  that  it  is  impossible  to  give 
even  an  approximate  estimate  of  the  cost  of  this  dam.  It  must  be 
of  masonry,  as  it  will  have  to  be  an  overflow  weir.  If  bed  rock  is 
taken  as  25  feet  below  the  bed  of  the  creek,  it  may  cost  $620,000 
for  the  dam  alone. 


300 feet 


Contour  interval  10  feet 

Fig.  3.— Main  River  dam  site. 


The  effort  has  not  been  made  in  this  report  to  go  into  the  details 
of  these  estimates  of  cost  for  the  Main  River  and  Juncal  reservoir 
sites.  The  reservoir  sites  are  owned  by  the  Santa  Barbara  City 
Water  Company.  It  is  believed,  however,  that  if  the  city  of  Santa 
Barbara  constructs  a  tunnel  through  the  Coast  Range,  in  order  to 
lead  the  water  from  the  lower  reservoir  sites  to  the  city,  the  con- 
struction by  some  one  of  the  Juncal  or  Main  River  reservoir  sites 
may  ultimately  follow.  This  tunnel  is  a  very  large  element  in  the 
cost  of  the  work,  and  will  require  by  far  the  greater  length  of  time 
to  construct.  It  must  be  so  located  as  to  permit  the  water  from 
all  the  sites  to  be  led  through  it  by  gravity  to  the  coast,  and  its 
capacity  must  be  sufficient  to  accommodate  all  of  the  water. 
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Table  15. — Arm  and  contents  of  Main  River  reservoir. 
[Survey  by  W.  15.  Clapp.] 


Contour. 

Acres. 

Acre-feel  be- 
tween con- 
tours. 

Total  acre-feel 
to  contour. 

Capacitj  in 
millions  of 

gallons. 

1,460 
1,470 
1,480 
1,  190 
1,500 
1,510 
1,520 
1,530 
1,540 

0.33 

2.  68 

14.38 

30.  15 

71.  59 
120.  19 
154.  69 
187.66 
222.  06 

15.05 

85.  30 

224.  15 

510.  20 

958.  90 

1,374.40 

1,711.75 

2,048.60 

15.05 

100.35 

324.  50 

834.70 

1 ,  793.  60 

3,168.00 

4,879.75 

6,928.35 

5 
33 

106 

272 

581 

1,032 

1 ,  590 

2,  357 

6, 928.  35 



75-foot  flow-line  capacity=5,904.05  acre-feet 
Depth  of  bed  rock  unknown. 


Cr. 


1^. 


Contour  interval  20  feet 


zooo  feet 


Fig.  4.— Mono  reservoir  site. 
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BLUE  CANYON  SITK. 

The  Blue  Canyon  reservoir  site  is  situated  in  what  is  known  as 
Blue  Canyon,  which  discharges  into  the  Santa  Ynez  a  short  dis- 
tance above  the  Main  River  reservoir  site.  It  is  a  good  reservoir 
site,  but  as  the  drainage  basin  is  only  8  square  miles  it  is  not  con- 
sidered feasible  to  fill  it  from  its  tributary  natural-water  supply. 
The  Blue  Canyon  reservoir  site  is  between  Santa  Ynez  River  and 
the  crest  of  Santa  Ynez  Mountains.  The  length  of  tunnel  from  this 
reservoir  site  to  the  coast  side  would  be  10,500  feet.  To  fill  it  from 
Santa  Ynez  River,  in  addition  to  building  this  long  tunnel,  would 
be  too  expensive  a  proposition  to  justify  the  construction. 

MONO  SITK. 

A  detailed  and  careful  survey  was  made  of  the  Mono  reservoir 
and  dam  site  by  Mr.  W.  B.  Clapp,  of  the  hydrographic  branch  of 
the  Geological  Survey.  Fig.  4  shows  the  results  of  these  sur- 
veys, and  PI.  IV,  B,  is  a  view  of  the  site.  The  following  table  gives 
the  capacity : 

Table  16. — Area  and  contents  of  the  Mono  reservoir  site. 
[Survey  by  W.  B.  Clapp.] 


Contour. 

Area  in 
acres. 

Capacity  in 
acre- feet  be- 
tween con- 
tours. 

Total  capacity 
in  acre-feet. 

Capacity  in 

millions  of 

gallons. 

1,410.0 
1,450.0 

0 

1.2 

1,460.0 

1,461.2 
1,470.0 
1,480.0 

10.  6 

a  94.  0 

59.0 
209.0 

00.0 
174.0 
580.0 

31.2 
49.9 

57 
189 

406.  0 

1,490.0 

71.3 

606.  0 

1,186.0 

386 

1,500.0 

98.1 

847.0 

2, 033.  0 

662 

1,510.0 

125.  4 

1,117.5 

3, 150.  5 

1,026 

1,520.0 

164.0 

1,447.0 

4,  597.  5 

1,498 

1,530.0 

199.5 

1,817.5 

6,415.0 

2,090 

1,540.0 

251.4 

2,  254.  5 

8,  669.  5 

2,825 

Below  outlet. 


Total  capacity  in  acre-feet. 
Capacity  below  outlet. 


Capacity,  above  outlet 

Elevation  of  creek  bed. 

Elevation  of  outlet 

Depth  of  bed  rock  unknown. 


8, 763.  5 
94.0 

8, 669.  5 
1,440.0 
1,461.2 
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This  reservoir  site  has  tributary  to  it  a  drainage  area  of  119  square 
miles.  The  creek  passes  first  through  a  large  Hat  and  then  through 
a  narrow  gorge.  It  is  an  unusually  good  reservoir  site  for  southern 
California,  but  the  dam  site  is  poor.  If  the  tunnel  which  the  city 
is  now  running  is  continued  at  a  grade  of  one-tenth  of  a  foot  rise  to 
100  feet  horizontal,  the  elevation  of  the  north  portal  of  the  tunnel 
on  the  datum  plane  that  has  been  used  will  be  1,457.2  feet."  We 
may  assume  that  a  conduit  leading  from  the  reservoir  site  to  the 
portal  of  the  tunnel  would  descend  approximately  4  feet  in  grade, 
giving  an  approximate  elevation  of  the  outlet  from  the  reservoir 
as  1,461.2  feet,  or  21.2  above  the  bed  of  the  stream  at  the  reservoir 
site.  This  is  not  of  material  consequence,  as  it  is  usually  the  case 
with  reservoir  sites  that  the  first  20  or  30  feet  above  the  bed  of  the 
stream  at  the  dam  site  has  very  limited  storage  capacity.  Thus 
the  total  storage  capacity  to  the  100-foot  flow  line  at  the  Mono 
reservoir  site  is  8,763.5  acre-feet  and  the  capacity  below  the  outlet 
is  but  94  acre-feet,  so  that  the  net  capacity  above  this  outlet  with  a 
100-foot  dam  would  be  8,669.5  acre-feet,  or  99  per  cent  of  the  total. 


DISCHARGE. 


Measurements  of  the  flow  of  the  Mono  during  the  winter  of  1902-3 
were  made  daily,  and  the  discharge  lor  the  season  was  found  to  be 
as  follows: 


Tabi  k  17.     Estimated  monthly  discharge  of  M<>n<>  Creekai  flu  <U\m  sitt  /<>/  s<<is<>h  of  1902-8. 

I  From  daily  measurements.] 


L902. 


Vcre-feel 


July 

August 

September 
( >ctober.  .. 
No\  ember 
December. 


0 
0 
0 
0 
173 
12 


1903. 


January 
February 
March  . . 
April  . . . 

M;iV    .  .  . 

June  . . . 
Season  . 


Acre-feet. 


676 

389 

1,845 

4,820 
799 
220 


8,934 


The  mean  rainfall  at  Santa  Barbara  is  16.78  inches;  for  the  last 
season  it  was  20.45  inches.  Although  the  precipitation  was  in 
excess  of  the  mean,  the  rainfall  was  not  delivered  in  such  manner 
as  to  produce  large  stream  discharge  and  in  the  opinion  of  local 
residents  the  streams  were  below  normal.  The  five  preceding  years 
were  all  below  the  mean  in  precipitation,  so  that  a  larger  portion  of 
the  water  than  usual  was  absorbed  by  the  ground.     These  measure- 


For  more  detailed  statement,  sec  p.  10. 
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ments  of  the  streams  should  be  continued  so  that  the  height  of  dam 
may  be  intelligently  proportioned  to  the  probable  water  supply. 
(See  table  12,  p.  53,  showing  estimated  volumes  of  flow  annually.) 

CONTENTS    AND    COST   OF    DAMS. 

Two  types  of  dam  for  the  Mono  site  have  been  considered.  The 
rock  on  the  sides  of  the  canyon  at  this  dam  site  is  sandstone  and 
shale,  the  stratification  being  practically  vertical  and  the  strike  at 
right  angles  to  the  direction  of  the  stream  flow.  PI.  IV,  A,  shows 
the  character  of  this  rock  at  the  left  abutment,  which  is  the  best. 
It  weighs  approximately  150  pounds  to  the  cubic  foot,  and  could  be 
quarried  in  sizes  and  forms  suitable  for  the  work  on  the  dam.  The 
abutments  are  much  better  at  the  Mono  dam  site  than  at  the  Main 
River  dam  site,  but  not  so  good  as  at  the  Gibraltar.  Spillway 
opportunities  occur  at  the  right  abutment  for  the  accommodation 
of  flood  discharges  when  the  reservoir  may  happen  to  be  full.  The 
dam  is  considered  in  each  instance  to  be  10  feet  above  the  elevation 
of  its  spillway,  so  as  to  prevent  the  water  overtopping  the  structure. 
The  depth  to  bed  rock  is  not  known.  The  most  serious  item  in 
connection  with  the  construction  of  the  dam  is  probably  the  trans- 
portation of  supplies  and  materials  to  the  site.  In  case  the  dam 
should  be  a  cement,  masonry,  or  concrete  structure  there  would  be 
a  large  amount  of  cement,  which  is  a  heavy  material,  to  be  hauled 
to  the  reservoir  site.  The  masonry  dam  is  believed  to  be  the  better 
form  of  construction,  but  because  of  considerations  of  economy  the 
cost  of  the  rock-fill  type  of  dam  has  been  computed. 

These  supplies  for  a  rock-fill  dam  would  probably  be  hauled  by 
teams  up  Santa  Ynez  River  from  the  end  of  the  railroad  at  Ballard, 
a  distance  of  40  miles,  or  possibly  through  the  tunnel  when  it  is  com- 
pleted. The  wagon  road  would  be  poor  for  the  last  10  miles,  but 
the  grades  easy.  In  the  original  estimate  for  this  dam  made  for 
the  city  of  Santa  Barbara  all  material  was  considered  as  hauled 
by  wagon  to  the  dam  site  for  both  forms  of  structure.  Since  then 
(January  1,  1903)  the  manufacture  of  native  cements  has  reduced 
the  price  of  this  constituent  materially. 

The  rock-fill  may  be  the  better  type  for  this  point  because  of  its 
greater  economy.  As  the  volume  of  material  that  would  have  to 
be  brought  in  for  construction  purposes  would  be  relatively  small 
as  compared  with  a  masonry  dam,  it  probably  would  not  be  advisable 
to  provide  for  transportation  through  the  tunnel  for  it,  as  would 
be  necessary  if  a  masonry  dam  were  built.  The  estimates  are  there- 
fore made  upon  this  assumption.  Fig.  5  shows  a  plan  for  a  110-foot 
rock-fill  dam  and  fig.  6  a  plan  for  a  subsidiary  earthen  dam. 
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Fig.  5.— Mono  dam  site,  showing  110-foot  loose-rock  dam. 


Fig.  0.— Mono  dam  site,  showing  plan  of  subsidiary  earth  dam  for  110-foot  loose-rock-fill  dam. 
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All  engineers  connected  with  these  investigations  have  declared 
that  it  is  quite  necessary,  before  preparing  an  accurate  report  and 
estimate  on  the  reservoir  sites,  to  know  the  position  of  bed  rock 
at  the  place  where  the  structure  is  to  rest,  and  have  recommended 
that  these  explorations  should  be  carried  out  in  connection  with 
this  present  investigation.  It  has  been  found  impossible,  however, 
at  this  writing,  to  supply  the  funds  to  make  this  examination,  and 
consequently  the  estimate  must  be  taken  with  latitude  in  this  regard. 


Contour  interval  5  feet 
Fig.  7.— Mono  dam  site,  showing  plan  for  110-foot  concrete  dam. 

In  the  case  of  the  rock-fill  dam,  it  could  rest  properly  and  safely 
upon  the  present  bowlder-covered  bed  of  the  canyon,  but  it  would 
be  necessary  to  carry  down  to  bed  rock  on  the  upper  slope  an  apron 
wall  to  cut  off  the  underflow  beneath  the  dam.  This  wall  would 
be  connected  with  a  portion  of  the  apron  of  the  dam  above  ground 
in  order  to  make  it  completely  tight.  It  should  be  8  feet  thick  at 
its  base  and  4  feet  thick  on  top  at  the  ground  surface,  so  that  for  a 
loose-rock  dam  there  would  not  be  a  great  quantity  of  material  to 
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be  removed  from  the  bed  rock,  and  the  amount  of  cement  used  would 
be  small 

In  the  case  of  a  concrete  or  masonry  dam,  however,  the  whole 
structure  would  have  to  go  down  to  the  bed-rock  foundation,  which 
would  have  to  be  exposed  and  thoroughly  cleaned.  In  estimating 
on  the  concrete  dam  it  has  been  assumed  that  bed  rock  for  the 
entire  width  of  the  canyon  is  20  feet  beneath  the  surface  of  the 
ground.  At  a  point  some  200  or  300  feet  below  the  dam  site  a  ledge 
of  material  projecting  well  out  into  the  canyon, over  which  the  stream 
Hows,  has  the  appearance  of  being  bed  rock  or  ledge  matter  in  place. 
It  is  not  known,  however,  whether  it  extends  completely  across  the 
stream. 

An  85-foot  rock-fill  dam  at  the  Mono  reservoir  site  wTould  contain 
75,480  cubic  yards  of  loose  rock,  which,  it  is  considered,  could  be 
quarried  from  cliffs  that  are  favorably  situated  for  $1  per  cubic 
yard.  Each  yard,  so  thrown  into  the  fill,  would  make  If  yards  of 
fill;  consequently  a  figure  of  60  cents  per  cubic  yard  has  been 
accepted.  A  dry-laid  wall  2  feet  in  thickness  on  the  upper  face  of 
the  dam  is  provided  for,  upon  which  the  asphalt-concrete  apron  will 
be  laid.  The  upper  toe  wall  is  carried  down  to  bed  rock  in  the 
bed  of  the  stream,  4  feet  thick  on  top,  8  feet  at  base,  and  20  feet  high. 
On  the  sides  of  the  dam  this  wall  is  also  estimated  upon  to  seal  the 
asphalt-concrete  to  the  abutments.  The  asphalted  concrete  will 
be  put  on  1!  feet  thick,  of  broken  stone,  gravel,  sand,  and  asphalt,  , 
the  latter  being  brought  from  quarries  on  the  lower  Santa  Ynez. 
The  section  of  this  dam  will  he  20  feet  wide  on  top,  with  a  very  1 
flat  slope  of  1]  feet  horizontal  to  1  foot  vertical  on  the  upper  face  < 
and  1^  feet  to  1  foot  on  the  lower  face.  This  flat  slope  is  given  to 
the  upper  face  so  that  there  will  be  no  movement  in  the  asphalt 
apron.  The  asphalt  also  would  be  rammed  into  the  crevices  of  the 
dry-laid  wall  on  which  it  rests. 

The  spillway  provisions  are  of  vital  importance  in  a  rock-fill  dam. 
The  maximum  flood  that  was  ever  measured  on  Sweetwater  River  j 
since  the  dam  was  constructed  there,  some  fifteen  years  ago,  was  98 
cubic  feet  per  second  for  each  square  mile  of  the  drainage  basin.  A 
flood  discharge  of  Piru  Creek  was  measured  at  Henderson's  ranch  on 
December  18, 1894,  of  43  cubic  feet  per  second  per  square  mile  of  drain- 
age area.  On  Arroyo  Seco,  a  tributary  of  the  Salinas  in  Monterey 
County,  on  November  21,  1900,  a  flood  of  140  second-feet  per  square 
mile  was  observed.  The  rainfall,  however,  in  the  drainage  basin 
of  Arroyo  Seco  is  exceedingly  heavy.  For  the  purposes  of  this  report 
we  have  assumed  a  flood  of  130  second-feet  per  square  mile  of  drain-  j 
age  area,  or  a  total  flood  discharge  of  15,470  second-feet,  filling  the 
spillway  to  within  3  feet  of  the  top  of  the  dam.  Before  the  spillway 
would  be  filled  to  the  top  of  the  dam  the  flood  would  have  reached 
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26,420  cubic  feet  per  second,  or  222  second-feet  per  square  mile  of 
drainage  basin.  The  spillway  would  be  251  feet  long  and  the  bottom 
of  it  would  be  10  feet  below  the  crest  of  the  dam.  It  would  be 
excavated  from  the  rock  at  the  right  abutment  of  the  dam. 

A  20-inch  pipe  has  been  estimated  upon,  leading  from  the  Mono 
reservoir  site  to  the  intake  of  the  long  tunnel  through  Santa  Ynez 
Range  of  mountains.  The  aggregate  cost  of  reservoir  and  pipe  line 
to  long  tunnel  is  $140,700,  or  $36  per  acre-foot  of  capacity. 

In  estimating  upon  the  length  of  tunnel  line  through  the  Coast 
Range  to  this  reservoir  site  we  have  accepted  the  present  tunnel  site 
and  assumed  that  the  tunnel  is  to  be  completed  on  an  angle  line, 
or  in  such  manner  as  to  avoid  the  property  of  all  owners  other  than 
the  city  of  Santa  Barbara.  On  this  basis  there  would  still  be  15,006 
linear  feet  of  tunnel  to  run,  at  an  estimated  cost  of  $12  per  linear 
foot. 

Estimate  for  85-foot  rock-fUl  dam  at  Mono  reservoir  site. 

[Capacity  3,880  acre-feet.] 

DAM. 

75,480  cubic  yards  of  loose  rock,  at  60  cents  per  yard $45, 288 

2,500  cubic  yards  of  dry-laid  wall  (upper  face),  at  $1  (extra) 2,  500 

Upper  toe  and  side  wall  to  bed  rock 16,  .500 

Asphalt-concrete  face  1|  feet  thick,  1,861.2  cubic  yards,  at  $8 14,  890 

Outlet  tunnel,  gates,  and  tower 10,  000 

Spillway 20, 000 

Clearing  reservoir 2,  460 

20-inch  pipe  line  to  long  tunnel  7,000  feet  from  reservoir,  capacity 

189  inches 10,  710 

Engineering,  5  per  cent 6,117 

Contingencies,  10  per  cent 12, 235 

Total  ($36  per  acre-foot) $140, 700 

TUNNEL. 

15,006  linear  feet  of  tunnel  through  Santa  Ynez  Range,  via  angle  line, 

at  $12  per  foot $180, 072 

Road  up  Santa  Ynez  River 5,  000 

Engineering,  5  per  cent 9,  254 

Contingencies,  10  per  cent 18,  507 

Total 212,  833 

Grand  total 353,  533 

An  estimate  is  also  presented  of  the  cost  of  building  a  rock-fill 
dam  at  the  Mono  to  an  elevation  of  110  feet  above  the  bed  of  the 
stream,  impounding  the  water  to  the  100-foot  flow  line.  The  con- 
ditions would  be  the  same  for  the  construction  of  this  dam  as  in 
the  case  of  the  85-foot  dam,  except  that  a  second  small  earthen 
dam  would  have  to  be  built  to  close  another  opening;  this  is  referred 
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to  as  the  subsidiary  dam.  With  the  rock-fill  type  of  dam  it  would 
be  quite  feasible  to  increase  the  height,  raising  the  dam  to  such  new 
elevation  as  might  be  desired. 

Estimate  for  a  110-foot  rock-fill  dam  at  Mono  reservoir  site. 

[Capacity  8,670  acre-feet,  290  miner's  inches  constant  flow.] 

142,535  cubic  yards  of  loose  rock,  at  60  cents  per  yard $85,  521 

3,733  cubic  yards  of  dry-laid  wall,  at  $1   (extra) 3,  733 

Upper  toe  and  side  walls 18, 099 

Asphalt-concrete  face  \\  feet  thick,  2,772  cubic  yards,  at  $8 22, 176 

Outlet  tunnel,  gates,  and  tower 10,  000 

Spillway 20,000 

Clearing  reservoir,  257  acres,  at  $1 5 3,  855 

Pipe  line  to  long  tunnel,  7,000  linear  feet,  capacity  300  inch  s 12,  880 

25,745  cubic  yards  earth  in  subsidiary  dam 7,  724 

Engineering,  5  per  cent 9,  199 

Contingencies,  10  per  cent 18,  399 

Total  ($24.40  per  acre-foot ) $21 1 ,  586 

Tunnel  through  Santa  Ynez  Mountains,  as  above 212,833 

Grand  total 424,  419 

An  estimate  is  also  giveD  for  a  masonry  dam  85  feet  high  at  the 
Mono  reservoir  site.  This  dam  would  be  L2  feel  wide  on  top,  with  a 
slope  of  2  to  1  on  the  lower  side  and  20  to  1  on  the  upper  side.  The 
masonry  would  be  made  of  hydraulic  cement,  which  would  be  hauled 
through  the  finished  tunnel.  The  outlet,  tower,  spillway  provisions, 
and  clearing  reservoir  would  be  the  same  as  in  the  case  of  the  rock-fill 
dam.  The  total  cost  of  a  dam  of  this  class,  including  the  20-inch  pipe 
line  to  the  long  tunnel,  would  be  $361,690,  or  $93  per  acre-foot  of 
storage  capacity.  It  thus  will  be  seen  that  the  masonry  dam  NT)  feet 
high  would  cost  2.6  times  what  the  loose-rock  dam  would  cost.  This 
is  because  the  latter  would  be  built  of  material  at  hand. 

Estimate  for  85-foot  masonry  da  in  of  tin  Mono  reservoir  site. 

[Capacity,  3,880  acre-feet.] 

6,612  cubic  yards  masonry  below  surface  of  ground,  at  $15  (includes 

excavation) $99,  ISO 

22,955  cubic  yards  masonry  aboA  e  ground 172,  163 

Total  for  dam  proper $271,313 

Outlet  tunnel,  gates, and  tower 10,000 

Spillway. 20,  000 

Clearing  reservoir 2,  460 

7,000  feet  of  20-inch  conduit,  capacity  1S9  inches. 10,710 

Engineering,  5  per  cent 15,  726 

Contingencies,  10  per  cent 31 ,  451 

Total 361,  690 

Cost  per  acre-foot  of  capacity,  $93 
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A  site  called  the  Quicksilver  mine  reservoir  site  was  discovered 
about  4  miles  below  the  mouth  of  the  Mono.     At  this  point  the  river 


Contour  interval 20  feet 

Fig.  8.— Quicksilver  mine  reservoir  site. 


passes  through  a  rather  narrow  canyon  of  shale  rock,  shown  in  PL  VI. 
The  site  itself  is  shown  in  PL  VII.     The  capacity  of  this  reservoir  is 


Contour  interval  30  feet 

Fig.  9.— Quicksilver  mine  dam  site. 


large,  but  the  dam  site  is  not  satisfactory  because  of  the  absence  of 
suitable  building  material,  and  also  on  account  of  the  character  of 
the  abutments.     Figs.  8  and  9  show  the  reservoir  and  dam  sites. 
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Water  impounded  to  a  depth  of  100  feet  in  this  reservoir  would  be 
flooded  back  a  short  distance  into  the  Mono  and  up  the  Santa  Ynez 
above  the  mouth  of  the  Mono.  The  following  is  a  table  of  the  capacity 
of  this  reservoir. 

Table  18. — Capacity  o}  Quicksilver  mine  reservoir  site. 


Capacity  in  acre-feet. 

Contour. 

Area  in 
acres. 

Average  area 
in  acres. 

Between  con- 
tours. 

Total  to  con- 
tours. 

1,300 

0.57 

3.70 

37.  0 

37.0 

1,310 

6.  83 

12.  05 

120.  5 

157.  5 

1,320 

17.28 

26.  15 

261.  5 

H9.0 

1,330 

35.  01 

15.66 

456.  6 

S75.  6 

1,340 

56.31 

71.02 

710.2 

1,615.8 

1,350 

91.73 

112.07 

1,120.7 

2,  736.  5 

1 ,  300 

132.  42 

143.  55 

1,  135.5 

4,172.0 

1,370 

154.  69 

172. 71 

1 .  727.  1 

5,  899.  1 

1,380 

190.74 

212.  15 

2,  121.  5 

8,020.6 

1,390 

233.  56 

255.69 

2,556.9 

10.577.5 

1,400 

277.  82 

The  Quicksilver  mine  reservoir  site,  while  of  satisfactory  capacity, 
is  not  considered  a  feasible  proposition  because  of  the  character  of 
the  dam  site. 
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The  Gibraltar  reservoir  site  is  situated  6  miles  below  the  mouth  of 
Mono  Creek  on  Santa  Ynez  River.  The  drainage  area  tributary  to  it 
includes  all  of  the  Mono,  the  main  river  above  the  Mono,  and  17 
square  miles  additional.  The  discharge  as  estimated  from  the  rain- 
fall for  the  seasons  from  1867-68  to  1903-4,  inclusive,  is  shown  in 
table  12  (seep.  53),  and  as  measured"  for  1902  3  in  table  13  (see 
p.  54).  From  these  it  appeals  that  the  discharge  is  from  1.8  to  2.4 
times  as  great  as  that  of  the  Mono. 
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The  reservoir  site,  which  is  shown  in  fig.  10,  lies  along  a  narrow,  can- 
yon-like valley  with  a  light  grade.  The  dam  site  is  a  rat  1km-  peculiar 
and  unusual  one.  An  anticlinal  fold  of  sandstone,  apparently  uplifted 
through  the  shales,  has  been  cut  by  the  river  in  a  narrow  gorge,  as 
shown  in  PI.  VIII,  A  and  B.     The  crest  of  this  fold  is  almost  level  and 
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.4.     GIBRALTAR    DAM    SITE,    LOWER    END   OF   GORGE. 

View  upstream. 


B.      GIBRALTAR    DAM    SITE,    UPPER    END    OF    GORGE   AT    PROPOSED    AXIS   OF    DAM. 
View  downstream.      Stream  turns  abruptly  to  the  left.     The  spillway  site  is  over  the  crest  on  the  left. 
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is  approximately  150  feet  above  the  bed  of  the  stream,  so  that  a  dam 
built  slightly  higher  than  the  crest,  or,  say,  155  feet,  will  have  the 
advantage  of  a  natural  spillway  of  great  length  on  the  side  away  from 
the  dam  and  over  solid  rock.  This  is  the  only  dam  site  that  has  been 
found  in  the  upper  portions  of  Santa  Ynez  River  where  the  abutments 
are  of  a  satisfactory  nature  and  where  the  building  material  could  be 
gotten  out  in  such  sizes  and  shapes  as  may  be  desirable  for  the  con- 
struction of  any  type  of  dam. 


Contour  interval  20  feet 
Fig.  10.— Gibraltar  reservoir  site. 


A  determination  of  the  specific  gravity  of  this  rock  has  been  made 
by  weighing  the  rock  first  in  air  and  then  in  water,  which  gave  a 
specific  gravity  of  2.56.  Four  tests  were  made,  ranging  from  2.55  to 
2.57.  This  is  equivalent  to  a  weight  of  160  pounds  per  cubic  foot. 
In  rubble  masonry,  one-third  of  the  bulk  being  mortar  and  two-thirds 
solid  rock,  and  the  mortar  being  considered  as  weighing  103  pounds, 
the  weight  would  be  140  pounds  per  cubic  foot  of  masonry  in  dam. 

The  ledges  are  in  such  a  position  as  to  permit  a  most  economical 
handling  of  material  for  masonry  construction. 

irr  116—05 6 


82 


WATER    PROBLEMS    OF    SANTA    BARBARA,    CAL. 

Table  18a. — Capacity  of  Gibraltar  reservoir  site. 
[Elevation  of  surface  of  stream  bed,  1,215  feet.] 
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Capacity  in  acre-feet. 

Contour. 

Area  in 
acres. 

Average  area 

in  acres. 

Between  con- 
tours. 

Total  to  con- 
tours. 

1,215 

o 

1 ,  220 

2.  12 

1,230 

5.  74 

3.93 

39.3 

39.3 

1,240 

13.26 

9.  .50 

95.  0 

131.3 

1,250 

22.  67 

17. '.'7 

179.7 

314.0 

1,260 

32.37 

27.  52 

275.2 

589.  2 

1,270 

50.11 

11.21 

412.4 

1,001.6 

1,280 

66.24 

58.  17 

581.7 

i ,  :>s3. 3 

1.2*.  HI 

90.06 

78.  1 5 

781.5 

2,361.  S 

L,300 

L19.62 

loi  84 

1,0  is    l 

3,413.2 

1,310 

152.74 

L36.  1^ 

1,361.8 

1,775.0 

] ,  320 

i  88.  33 

170.53 

1,705.3 

6,480.  3 

1,330 

227.  13 

207.73 

2.077.3 

8,557.6 

1,340 

271.39 

249.26 

2.  192.6 

1 1 ,  050.  2 

1,345 

296.64 

284.01 

1.  120.0 

12.  170.2 

1,3.50 

332.  ::. 

31  1.70 

L,573,5 

11  013.7 

1,355 

367.  07 

349.91 

1 .  7  19.  6 

15,793.3 

Tabic1  19  shows  the  volumes  of  material  for  a  rock-fill  dam  situ- 
ated at  the  Gibraltar  reservoir  site,  the  upper  slope  to  be  H  to  1,  the 
lower  slope  l\  to  1,  the  width  on  top  20  feet,  and  the  height  of  dam 
155  feet,  or  10  feel  above  the  level  of  the  spillway.  The  top  of  the 
crest  is  taken  to  he  at  the  1,360-fool  contour.  Bed-rock  conditions 
are  unknown,  hut  for  the  purpose  of  this  estimate  are  assumed  to  he 
at  1,205  feet.  Repeated  efforts  were  made  to  provide  for  an  explora- 
tion of  bed  rock  at  this  dam  site,  but  owing  to  financial  condi  ions 
and  negotiations  for  the  purchase  of  the  property  by  the  city  of 
Santa  Barbara  it  was  not  possible  to  arrange  for  this.  The  capacity 
with  this  dam  to  the  1, 350-foot  contour  in  the  reservoir  would  be 
14,044  acre-feet.     Fig.  11  shows  the  plan  for  a  155-foot  rock-fill  dam. 

In  the  table  7,444  cubic  yards  are  deducted  from  the  total  esti- 
mated volume  in  the  dam,  as  the  rock  fill  will  go  down  only  to  the 
1 ,21 0-foot  contour,  except  where  the  toe  walls  are  located,  where  they 
are  assumed  to  go  as  low  as  the  1 , 205-foot  contour.  The  excavation 
of  the  spillway  is  taken  at  1.250  cubic  yards,  which  of  course  would 
be  used  in  the  construction  of  the  dam.     The  spillway  could  probably 
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be  made  much  wider,  if  desired,  in  excavating  the  material  for  the 
dam.     In  this  estimate  it  is  taken  as  350  feet  in  width. 

A  dam  of  this  type  is  considered  as  having  12,083  cubic  yards  in 
asphalt-concrete  face  and  dry-laid  wall,  this  face  to  be  put  on  as 
indicated  in  the  drawing  and  to  be  covered  by  the  dry-laid  wall,  to 


Fig.  11. 


Contour  interval  20  feet 

-Gibraltar  dam  site,  showing  plan  for  155-foot  rock-fill  dam. 


protect  it  from  the  sun,  so  as  to  prevent  the  movement  of  the  asphalt. 
If  this  volume  is  deducted  from  the  total  yardage  given  in  the  dam, 
in  addition  to  the  deduction  mentioned  above  on  account  of  the  rock- 
fill  dam  not  going  down  to  bed  rock  for  its  entire  length,  the  net 
volume  of  rock  fill  will  be  233,724  cubic  yards. 
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Table  19. — Volume  in  rock -fill  dam  at  Gibraltar  dam  site.a 
[Capacity  to  1,350-foot  contour,  14.011  acre-feet.] 
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Contour. 

Volume  be- 
tween contours 
in  cubic  yards. 

Contour. 

Volume  be- 
tween contours 
in  cubic  yards. 

&  1,205 
1,210 
1,220 
1,230 
1,240 
1,250 
1,260 
1,270 
1,280 
1,290 
1,300 
1,310 

1,320 
1,330 
1,340 
1,350 
1,360 

Total. 

Deduct  -■. . . 

Deduct  '/.. 
Net 

15, 231 

13,191 

10,916 

8,148 

4,796 

7,444 
14,713 
16, 648 
19,805 
21,536 
22, 185 
21,860 
20,  925 
19,  981 
18, 768 
17, 101 

253, 251 

7,444 

245,807 

12, 083 

233,724 

"Contents  of  spillway  masonry  dam  L,250  cubic  yards.  Spillway  dam,  5  feel  wide  on  top;  0.05 
to  i  slope  on  upstream  face;  10  feel  down,  7  feel  thick;  15  feet  down,  '.t  feet  thick;  20  feet  down,  13 
feet  thick.  Spillway  is  350  feel  in  width;  in  excavating  for  dam  it  may  be  made  wider,  the.  limit  in 
widtli  being  the  limit  of  excavations. 

'-lied  rock  ,-is  estimated,  but  not  determined 

-'  Rock  fill  Kroes  only  to  1,210-foOl  contour. 

''Asphalt  face  and  dry-laid  wall. 

The  hand-laid  facing  on  top  of  the  asphalt-concrete  is  estimated 
to  be  3^  feet  thick  and  the  asphalt-concrete  1}  feet,  covered  with 
an  impervious  layer  of  asphalt  two-tenths  of  a  foot  thick.  The  con- 
crete cut-off  wall  at  the  upper  toe  of  the  dam  is  estimated  as  90  feet 
long,  with  a  height  above  assumed  bed  rock  of  5  feet  and  a  thickness 
on  top  of  5  feet,  downstream  vertical,  upstream  with  a  slope  of  1  to  5 
and  a  thickness  at  base  of  6  feet. 

The  outlet  system  would  consist  of  a  tower  reaching  from  the 
1,220-foot  contour  to  the  1,360-foot  contour,  a  height  of  140  feet. 
The  internal  diameter  of  the  tower  would  he  8  feet  at  top  and  the 
thickness  of  wall  2  feet  at  top  and  6  feet  at  bottom,  the  tower  stand- 
ing on  a  solid  concrete  base  5  feet  thick  and  21  feet  in  diameter. 
Following  is  an  estimate  of  the  cost: 

Estimate  of  cost  of  155-foot  rock-fill  dam  at  original  site  of  Gibraltar  dam. 

Rock  fill,  233,72 1  cubic  yards,  at  60  cents $140, 234.  00 

Hand-laid  facing,  8,458  cubic  yards,  at  si. CO.. 13,533.00 

Asphalt  and  concrete  facing,  3,025  cubic  yards,  at  $8 29, 000.  00 

Cut-off  wall 1, 493.  00 

Overflow-  weir  and  subsidiary  dam,  1 .250  cubic  yards,  at  $9 11.  25)0.  00 

Clearing  reservoir  site,  333  acres,  at  $25 8,  325.  00 
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Outlet  system: 

Tower,  91 1  cubic  yards,  at  $9.30 $8,  472.  00 

Inlet  pipes 460.  00 

Valve  rods 860.  00 

Outlet  valves 1 ,  000.  00 

Outlet  tunnel,  1,000  feet,  at  $5 5,  000.  00 

Tower  house  and  bridge .500.  00 

Total  of  outlet  system $16,  292.  00 

220, 127.  00 

Contingencies,  10  per  cent 22, 012.  70 

Engineering,  5  per  cent 11, 006.  35 

Total 253, 146.  05 

The  rock-fill  dam  can  be  built  only  to  such  height  as  will  permit 
complete  spillway  opportunities  around  the  end  of  the  dam.  It 
is,  however,  feasible  to  build  a  masonry  dam  that  will  not  be  the 
full  height,  permitting  the  water  to  waste  over  the  top  of  the  dam 
during  different  stages  of  its  construction.  For  instance,  the  dam 
could  be  built  to  a  height  of  50  or  100  feet,  and  construction  stopped 
until  the  demands  or  desires  of  the  city  should  call  for  its  comple- 
tion; the  final  structure  could  then  be  built  to  its  ultimate  height 
of  approximately  155  feet.  When  the  dam  was  completed  to  its 
full  height  the  overflow  and  waste  water  could  then  be  directed 
through  the  spillways. 

If  such  a  dam  should  be  built  of  cyclopean  rubble  masonry  on  a 
gravity  section  and  also  on  a  curve,  the  top  would  stand  at  the  1,360- 
foot  contour.  The  estimate  given  below  is  based  on  bed  rock  being 
at  a  depth  of  5  feet  beneath  the  present  stream  bed,  but  it  is  not 
known  what  the  depth  actually  is,  and  the  final  estimates  might 
be  greatly  modified  by  these  conditions.  A  determination  of  this 
point  is  essential  before  beginning  the  construction  of  the  dam  and 
before  the  final  estimate  on  its  cost  can  be  made. 

Three  estimates  have  been  prepared  on  the  assumption  that  the 
dam  will  not  be  built  to  its  full  height  from  the  start.  These  are  for 
dams  95  feet  high,  with  a  capacity  of  3,413  acre-feet,  equivalent 
to  a  continuous  flow  of  4.715  second-feet,  or  236  miner's  inches  per 
annum;  125  feet  high,  with  a  capacity  of  8,558  acre-feet,  equivalent 
to  a  continuous  flow  of  11.82  second-feet,  or  591  miner's  inches  per 
annum;  and  155  feet  high,  with  a  capacity  of  15,793  acre-feet, 
equivalent  to  a  continuous  flow  of  21.81  second-feet,  or  1,090  miner's 
inches  per  annum. 

These  estimates  of  discharge  are  on  the  assumption  that  the 
reservoir  would  be  filled  by  the  stream  every  year.  This,  however, 
•can  not  be  done,  for  in  some  winters  there  will  be  little  more  addi- 
tion to  the  reservoir  than  enough  to  make  up  for  evaporation.  If 
it  is  assumed  that  the  155-foot  dam  is  built,  and  that  its  capacity  is 
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15,793  acre-feet,  and  that  this  will  have  to  furnish  the  supply  of 
water  for  nineteen  months,  the  yield  will  be  831  acre-feet  monthly; 
witli  the  reservoir  half  full  the  monthly  loss  by  evaporation  would 
average  about  66  acre-feet,  leaving  765  acre-feet  monthly  for  dis- 
tribution during  the  dry  period,  or  a  continuous  flow  of  13  second- 
feet,  equivalent  to  650  miner's  inches,  or  8,400,000  gallons  daily. 
Putting  it  another  way,  the  flow  will  be  approximately  900  miner's 
inches  in  the  summer  time  and  400  miner's  inches  in  the  winter 
time.     Fig.  12  shows  a  plan  of  a  155-foot  masonry  dam. 


Contour  interval  20  feet 

Fig.  12.— Gibraltar  dam  site,  showing  plan  for  155-fool  masonry  dam. 

With  the  lower  size  dam  the  surplus  water  is  considered  as  wasted 
over  the  top  of  the  dam,  and  the  dam  is  made  safe  on  the  gravity 
section  with  10  feet  of  water  passing  over  its  crest;  in  addition  it 
is  to  be  a  curved  dam.  These  same  conditions  will  obtain  with  a 
dam  125  feet  high.  The  155-foot  masonry  dam  is  designed  to  let 
the  surplus  water  pass  through  a  spillway,  the  water  standing  within 
5  feet  of  the  top  of  the  dam,  and  the  capacity  being  15,793  acre-feet. 
This  is  a  greater  capacity  than  that  for  the  155-foot  rock-fill  dam, 
because  with  the  rock-fill  dam  greater  safety  in  spillway  capacity 
would  be  required,  and  this  type  would  have  to  be  built  at  least  10 
feet  above  the  level  of  the  spillway.  Figs.  13,  14,  and  15  give  sec- 
tions of  the  dams  considered.  In  the  estimates  masonry  weighing 
140  pounds  per  cubic  foot  is  used. 
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Fig.  1.3.— Section  of  masonry  dam  for  Gibraltar  reservoir  based  on  concrete  weighing  130  pounds  per 

cubic  foot. 
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Fig.  14.— Section  of  masonry  overflow  weir  dam  based  on  masonry  weighing  1 10  pounds  per  cubic  foot. 

The  following  is  an  estimate  on  three  types  of  dams: 

Estimate  of  cost  of  95-foot  masonry  overflow  dam  located  at  lower  site  of  Gibraltar  dam. 
[Capacity  3,413  acre-fed .] 

Masonry,  15,331  cubic  yards,  at  $7 $107,  317.  00 

Excavation  to  bed  rock,  1,280  cubic  yards,  at  $2.50 3,  200.  00 

Clearing  reservoir,  120  acres,  al  $25 3,  000.  00 

Outlet  system,  tower,  gates,  tunnel,  etc 9, 971 .  00 


123,  488.  00 

Contingencies,  10  per  cent 12, 348.  80 

Engineering,  5  per  cent 6, 174.  40 


Total 

Cost  per  acre-foot  of  capacity,  $41.61. 


142,011.20 
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Fig.  15. — Section  of  masonry  dam  based  on  masonry  weighing  140  pounds  per  cubic  foot. 

Estimate  of  cost  of  125-foot  masonry  overflow  dam  heated  at  lower  site  of  Gibraltar  dam. 

[Capacity  8,558  acre-feet.] 

Masonry,  27,971  cubic  yards,  at  $7 $195, 797.  00 

Excavation  to  bed  rock,  1,579  cubic  yards,  at  $2.50. 3,  948.  00 

Clearing  reservoir,  227  acres,  at  $25 5,  675.  00 

Outlet  system,  tunnel,  gates,  tower,  etc 13,  000.  00 


218,420.00 
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Contingencies,  10  per  cent -  $21 ,  842.  00 

Engineering,  5  per  cent - 10,  921 .  00 

Total 251,183.00 

Cost  per  acre-foot  of  capacity,  $29.35. 

Estimate  of  cost  of  155-foot  masonry  dam  located  at  lower  site  of  Gibraltar  dam. 

Masonry  in  dam,  42,250  cubic  yards;  masonry  in  spillway,  833  cubic  yards; 
masonry  in  protection  wall,  56  cubic  yards;  total  masonry,  43,139  cubic 

yards,  at  $7 $301,973.00 

Excavation  to  bed  rock,  1,731  cubic  yards,  at  $2.50 4, 328.  00 

Clearing  reservoir,  350  acres,  at  $25 8,  750.  00 

Outlet  system,  tower,  gates,  tunnel,  etc 16, 292.  00 

331,343.00 

Contingencies,  10  per  cent 33, 134.  30 

Engineering,  5  per  cent 16,  567.  15 

Total 381, 044.  45 

The  flood  discharge  from  these  drainage  basins  is  considered  in  the 
discussions  of  the  spillway  fort  lie  Mono  reservoir  site.  Taking  a  maxi- 
mum flood  discharge  of  130  cubic  feet  per  second  per  square  mile  from 
the  entire  207  square  miles  that  are  tributary  to  the  Gibraltar  reser- 
voir site,  the  spillway  of  600  feet  in  length  would  be  running  full  and 
the  water  passing  )U  feet  deep  over  the  top  of  the  masonry  dam. 
This  would  be  a  most  extraordinary  flood,  and  it  is  believed  that  the 
dam,  with  the  gravity  section  that  it  has,  in  addition  to  its  arched 
shape,  would  stand  this. 

In  the  case  of  the  125-foot  dam  such  a  flood  would  pass  over  the 
crest  of  the  dam  9'  feet  deep,  and  the  dam  is  designed  to  withstand 
with  safety  an  overflow  of  10  feet  on  a  gravity  section  without  the  aid 
of  its  curved  shape. 

For  the  95-fooi  dam  under  similar  conditions  the  depth  of  water 
would  be  1 1  feet. 

TUNNELS   TO   GIBRALTAR    SITE. 

Because  of  its  elevation  and  location  it  will  not  be  possible  to  use 
the  old  city  tunnel  in  Cold  Spring  Can}^on  in  reaching  the  Gibraltar 
reservoir  site.  The  elevation  of  the  surface  of  the  water  at  the 
Gibraltar,  with  a  dam  155  feet  high,  is  1,360  feet  above  sea  level,  and 
the  estimated  elevation  of  the  northern  end  of  the  old  Cold  Spring 
Canyon  tunnel  at  its  northern  portal  would  be  1,457  feet.  The  loca- 
tion also  is  not  suitable  for  the  Gibraltar  site.  Because  of  these  facts, 
a  new  tunnel  location  was  sought  as  an  outlet  for  the  Gibraltar  res- 
ervoir site.  The  triangulation  was  extended  so  as  to  cover  the  dis- 
tance intervening  between  Mission  Canyon  and  the  Gibraltar  dam 
site,  and  it  was  found  that  a  tunnel  from  Mission  Canyon  to  the  Gibraltar 
would  be  19,560  feet  in  length,  and  from  Rattlesnake  Canyon  to  the 
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Gibraltar  it  would  be  20,763  feet  in  length.  The  length  necessary  to 
com  pie  to  the  old  tunnel  from  Cold  Spring  Canyon  through  to  Santa 
Ynez  is  14,901  feet.  It  must  be  remembered,  however,  that  the  old 
tunnel  has  very  irregular  grades,  that  the  cross  section  of  it  is  not 
uniform,  and  that  the  alignment  is  irregular.  In  addition  to  that,  the 
present  heading  is  5,000  feet  from  the  portal,  so  that  the  total  length 
of  the  Cold  Spring  Canyon  tunnel,  if  completed,  would  be  19,901 
feet.     Because  of  these  irregularities  in  the  old  tunnel  and  the  dis- 
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Fig.  16.— Section  of  new  Santa  Barbara  tunnel  in  solid  rock. 


tance  in  from  the  heading,  it  has  been  estimated  that  the  cost  to  com- 
plete it  would  be  at  the  rate  of  $12  a  foot;  the  total  cost  of  completing 
it,  building  roads,  engineering,  etc.,  having  been  previously  estimated 
at  $212,833  (seep.  77). 

The  following  is  an  estimate  of  the  cost  of  building  the  Mission  or 
the  Rattlesnake  tunnel/' 


«  Since  writing  the  above,  contracts  have  been  entered  into  for  the  construction  of  the  Mission  Can- 
yon tunnel  line  at  a  figure  slightly  below  this  estimate  (see  p.  43).  Figs.  10  and  17  show  sections  of 
this  tunnel. 


92 


WATER    PROBLEMS    OF    SANTA    BARBARA,   CAL. 


[NO.  116. 


j^A4M^V"k^^(ji^|---T 


^W^f^W^^WfW 


Fig.  17.— Section  of  new  Santa  Barbara  tunnel  in  loose  rock. 

listi mate  oj  cost  oj  building  Mission  Canyon  tunnel. 

[Length  based  on  triangulation  by  L.  M.  Byde.] 

19,560  linear  feet,  at  $10  per  linear  foot $195,  GOO 

Road  up  Santa  Ynez  River 2  500 

Road  up  Mission  Canyon. 2  500 

Engineering,  5  per  cent 10,  030 

Contingencies,  10  per  cent 20, 000 


Total  estimated  cost 230,  G90 

Estimate  oj  cost  oj  building  Rattlesnake  Canyon  tunnel. 

[Length  based  on  triangulation  by  L.  M.  Hyde.] 

20,763  linear  feet,  at  $10  per  linear  foot $207,  G30 

Road  up  Santa  Ynez  River 2  500 
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Road  up  Rattlesnake  Canyon $3,  500 

Engineering,  5  per  cent 10,  682 

Contingencies,  10  per  cent 21,  363 

Total  estimated  cost 245,  675 

COMPARISON  OP  GIBRALTAR  AND  MONO  SITES. 

In  order  to  compare  the  costs  of  the  combined  tunnel  and  reservoir 
for  the  Gibraltar  site  and  for  the  Mono  site,  the  following  table  is 
given : 

Table  20. — Comparative  estimates  u}  dams  and  tunnel  lines  at  Gibraltar  and  Mono. 

GIBRALTAR. 

95-foot  masonry  overflow  dam  (3,413  acre-feet,  at  $41.61 ) $142, 012 

19,560  feet  of  tunnel  (Mission  line) 230,  690 

Total 372, 702 

125-foot  masonry  overflow  dam  (8,558  acre-feet,  at  $29.35) 251, 183 

19,560  feet  of  tunnel  (Mission  line) 230,  690 

Total 481, 873 

155-foot  masonry  dam  (15,793  acre-feet,  at  $24.13) 381,  044 

19,560  feet  of  tunnel  (Mission  line) 230,  090 

Total 61 1 ,  734 

155-foot  rock-fill  dam  (15,793  acre-feet,  at  $16.02) 253,  146 

19,560  feet  of  tunnel  (Mission  line) 230,  6C0 

Total 483,  836 

MONO. 

85-foot  rock-fill  dam  (3,880  acre-feet,  at  $36) 140,  700 

15,006  feet  of  tunnel 212,  833 

Total 353,  533 

110-foot  rock-fill  dam  (8,670  acre-feet,  at  $24.40) . 211,  580 

15,006  feet  of  tunnel 212,  833 

Total 424,  419 

85-foot  masonry  dam  (3,880  acre-feet,  at  $93.22) 361,  6S0 

15,006  feet  of  tunnel 212,  833 

Total 574,  520 

The  masonry  dam  is  the  better  form  of  construction  for  a  storage 
reservoir.  In  addition  the  abutments  at  the  Gibraltar  reservoir  site 
are  much  more  secure  and  satisfactory  than  at  the  Mono  site.  The 
water  supply  is  more  than  twice  as  great  at  the  Gibraltar  as  at  the 
Mono  and  its  quality  is  better. 

Making  the  comparison  for  masonry  dams,  it  will  be  seen  that  the 
cost  for  the  155-foot  masonry  dam   at  the  Gibraltar  site  would  be 
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$24.13  per  acre-foot  of  water  impounded,  while  for  the  85-foot 
masonry  dam  at  the  Mono  site  it  would  be  $93.22  per  acre-foot. 

With  a  125-foot  masonry  dam  at  the  Gibraltar,  the  capacity  of  the 
reservoir  would  be  8,558  acre-feet,  and  the  total  estimated  cost  of 
the  clam  and  tunnel  would  be  $481,873. 

A  110-foot  rock-fill  dam  at  the  Mono  would  have  a  capacity  of 
8,676  acre-feet,  and  with  the  completion  of  the  Cold  Spring  tunnel 
would  cost  $424,419,  which  is  less  than  the  cost  of  the  Gibraltar  125- 
foot  dam.  The  Gibraltar  dam,  how  ever,  would  undoubtedly  be  safer, 
have  fully  twice  the  water  supply  available  for  dry  years,  and  would 
furnish  better  water.  These  t  hings  considered,  there  can  be  no  doubt 
whatever  that  it  is  advisable  to  construct  the  Gibraltar  dam  with  the 
Mission  Canyon  tunnel,  rather  than  the  Mono  site  with  the  comple- 
tion of  the  Cold  Spring  Canyon  tunnel. 

The  real  governing  factor  in  the  entire  situation  is  the  quantity 
and  quality  of  the  water,  and  on  this  basis  there  can  not  be  any 
doubt  that  the  Gibraltar  site  is  far  the  better.  During  the  winter  of 
1902-3  the  total  discharge  of  Mono  ('reek  at  the  Mono  reservoir  site 
was  8,934  acre-feet,  while  at  the  Gibraltar  it  was  21,202  acre-feet,  or 
2.4  times  as  much.  In  addition  the  situation  is  such  at  the  Gibraltar 
site  that  the  masonry  dam  can  be  gradually  built  higher  as  the 
demand  of  the  city  for  a  greater  water  supply  grows,  while  there 
are  distinct  limitations  to  the  construction  of  a  higher  dam  at  the 
Mono  site. 

FINANCIAL  STATEMENT. 

The  financial  results  to  be  expected  from  the  expenditure  of  the 
money  necessary  to  build  the  work  above  referred  to  are  not  exten- 
sively considered,  because  it  is  not  so  much  a  question  of  whether 
these  works  can  be  constructed  at  a  commercial  profit  as  it  is  a 
question  of  how  much  it  will  cost  to  get  an  adequate  water  supply 
for  the  locality.  It  goes  without  saying  that  if  the  coast  district 
is  to  continue  to  growr  it  must  have  water,  and  the  only  question 
is  whether  this  can  be  obtained  at  reasonable  cost. 

The  output  from  this  system  should  be  \\  million  gallons  daily 
for  10,000  people.  On  page  25  it  is  shown  that  in  order  to  meet 
the  worst-known  drought  of  nineteen  months  and  deliver  150  gallons 
daily  for  10,000  persons,  plus  the  evaporation,  a  storage  capacity  of 
3,518  acre-feet  is  required.  This  is  on  the  assumption  that  all  of 
the  water  must  come  from  the  reservoir  and  none  can  be  obtained 
from  the  tunnels  or  streams  on  the  south  side  of  the  range,  a  condi- 
tion which  the  writer  believes  never  will  exist,  but  which  he  assumes 
for  safety.  At  the  Gibraltar  site  a  dam  95  feet  high  will  practically 
accomplish  this  at  a  cost  for  dam  and  tunnel  of  $372,702.  Assuming 
an  interest  rate  of  4J  per  cent  on  this  cost,  we  shall  have  an  annual 
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fixed  charge  of  $16,772.  The  works  will  all  be  permanent.  Con- 
struction and  maintenance  charges  should  be  very  low,  say  $4,000 
per  annum.  Operation  should  not  be  over  $2,000.  This  gives  a 
total  annual  charge  of  $22,772  for  547  million  gallons,  or  a  maximum 
of  4.1  cents  per  1,000  gallons  delivered  at  the  intake  of  the  domestic 
system.  As  the  dam  is  increased  in  height  the  cost  per  unit  of 
storage  and  the  proportional  charge  for  the  tunnel  will  rapidly 
decrease  with  the  resulting  increased  supply.  With  a  dam  155 
feet  high  on  the  above  basis  the  cost  per  thousand  gallons  would 
be  1.1  cents.  The  long  tunnel  will  undoubtedly  also  itself  con- 
tribute a  material  supply  to  the  city.  Mr.  Canfield,  the  president 
of  the  Santa  Barbara  Water  Company,  states  as  follows: 

Water  is  now  sold  in  Santa  Barbara  at  the  rate  of  about  16  cents  per  thousand  gallons 
to  the  city  for  street-sprinkling  purposes  (at  the  rate  of  $35,000  per  }-ear  for  1  second-foot), 
and  to  private  consumers  at  from  20  cents  to  25  cents  per  thousand  gallons,  which  are 
moderate  rates  as  compared  with  those  realized  in  some  other  cities  in  this  State,  and  it 
is  believed  that  although  the  development  of  the  business  in  the  future  may  justify  some 
reduction  of  rates,  an  average  rate  of  15  cents  per  thousand  gallons  at  least  can  be  calculated 
upon. 

This  is  certainly  a  very  reasonable  charge  for  water  in  southern 
California.  The  lowest  meter  rate  known  in  the  State  (that  of  the 
city  of  Los  Angeles)  is  9  cents  per  1,000  gallons  delivered  to  the 
consumer.  Of  course,  there  must  be  an  intermediate  charge  for 
distribution  system  and  administration  which  comes  after  the  water 
is  delivered  to  the  mains. 

Both  Mr.  Wright  and  Mr.  Purslow  considered  the  construction  of 
these  storage  reservoirs  as  a  profitable  investment  from  a  commer- 
cial standpoint.  If  the  water  was  delivered  free  at  sea  level  to  the 
city,  it  would  cost  two-thirds  as  much  for  fuel  alone  (say  2.7  cents), 
with  triple-expansion  engines,  to  pump  it  to  the  city  reservoir  as  it 
would  to  obtain  it  from  this  contemplated  system  of  storage  reser- 
voirs. If  interest,  depreciation,  and  services  are  considered  it  would 
cost  more  to  pump  it. 

There  would  undoubtedly  also  be  a  very  considerable  element  of 
profit  that  might  be  derived  from  the  water  power  available  from 
the  supply,  since  the  elevation  of  the  southern  portal  of  the  tunnel 
is  approximately  1,200  feet  and  the  elevation  of  the  domestic  reser- 
voirs only  350  feet. 

The  result  of  the  construction  of  the  long  tunnel  probably  will 
be  the  construction  of  the  dam  to  the  maximum  height  commen- 
surate with  the  water  supply  of  Santa  Ynez  River  by  the  city,  or 
by  other  parties  who  might  make  arrangements  with  the  city  for 
carrying  water  through  this  long  tunnel.  This  should  be  a  condi- 
tion that  the  city  would  encourage/'     The  water  not  required  by  the 

«  Since  writing  the  above  the  city  has  entered  into  a  contract  with  the  Santa  Barbara  Water  Com- 
pany to  permit  of  such  a  use  of  the  city  tunnel  by  the  comjxmy 
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municipality  would  be  used  in  developing  and  irrigating  the  beau- 
tiful coast  plain  near  Montecito  or  in  other  adjoining  localities. 
The  improvement  of  this  region  would,  of  course,  add  to  the  pros- 
perity of  the  county  and  city  of  Santa  Barbara. 

In  this  report  estimates  on  right  of  way  have  not  been  included. 

CONCLUSIONS. 

In  conclusion  it  may  be  stated — 

(1)  That  the  only  extensive  addition  that  can  be  made  to  the 
water  supply  of  the  Santa  Barbara  coastal  plain  is  by  the  construc- 
tion of  a  tunnel  from  Santa  Ynez  River  to  the  coast  side  of  the 
mountains  and  the  building  of  an  impounding  reservoir  for  the 
holding  of  the  winter  ilood  waters  of  Santa  Ynez  River. 

(2)  That  by  far  the  most  desirable  point  on  Santa  Ynez  River 
for  this  construction  is  the  Gibraltar  reservoir  site. 

(3)  That  the  water  can  be  delivered  at  a  reasonable  cost  for  both 
irrigation  and  domestic  use  to  Santa  Barbara  and  vicinity  from  this 
site,  and  the  construction  is  believed  to  be  entirely  justified  and 
commercially  feasible. 
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LETTER  OF  TRANSMITTAL 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington,  D.  C '.,  June  18, 1904. 
Sir  :  I  have  the  honor  to  transmit  herewith  a  report  by  Prof.  F.  A. 
Wilder  on  the  lignite  of  North  Dakota  and  its  relation  to  irrigation, 
and  recommend  that  it  be  published  in  the  series  of  Water-Supply 
and  Irrigation  Papers. 

The  investigation  on  which  this  report  was  based  was  carried  on 
under  the  charge  of  Mr.  N.  H.  Darton  as  a  part  of  the  general 
investigation  of  the  underground- water  resources  of  the  western 
portion  of  the  United  States.  It  is  thought  that  the  information  con- 
tained in  the  paper  will  be  of  interest  in  connection  with  the  under- 
ground-water resources  of  North  Dakota. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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THE  LIGNITE  OF  NORTH  DAKOTA  AND  ITS  RELATION 

TO  IRRIGATION. 


By  F.  A.  Wildek. 


INTRODUCTION. 

The  areas  most  favorably  situated  for  irrigation  in  North  Dakota 
are  the  broad  terraces  along  the  Missouri  and  its  tributaries.  These 
streams  are  deeply  intrenched,  and  it  does  not  seem  possible  by  means 
now  available  to  raise  water  from  them  a  vertical  distance  of  from 
150  to  400  feet  over  the  bluffs  that  rather  sharply  bound  the  broad 
valleys. 

When  the  Yellowstone  enters  the  State  it  has  a  fall  per  mile  of 
only  2.7  feet,  while  the  Missouri's  gradient  for  an  equal  distance  is 
about  2  feet.  A  fall  of  1  foot  per  mile  is  necessary  to  carry  water  in 
an  irrigating  ditch,  so  that  to  raise  water  40  feet  above  the  Missouri 
would  require  a  ditch  40  miles  long.  The  tributaries  of  the  Missouri 
have  gradients  somewhat  higher,  but  the  flats  along  them  are  cut  up 
by  the  meandering  of  the  streams,  and  conditions  are  not  favorable 
for  long  lateral  ditches  or  extensive  reservoirs. 

On  account  of  the  fertile  terraces  in  the  valleys  of  the  streams, 
ranging  from  15  to  100  feet  in  elevation  above  water  level,  and  the 
abundance  of  lignite  along  them,  it  seemed  desirable  to  consider  the 
possibility  of  irrigating  the  250,000  acres  included  in  the  stream 
terraces  by  pumping  from  the  rivers  directly,  using  lignite  as  fuel. 
The  lignite  area,  therefore,  has  been  studied,  and  the  nature  of  the 
lignite  beds  investigated.  Practical  tests  have  been  made  to  deter- 
mine the  value  of  this  material  as  fuel  for  generating  steam,  and  com- 
putations have  been  made  to  ascertain,  at  least  in  a  rough  way,  the 
cost  of  irrigating  river  flats  which  are  less  than  100  feet  above  the 
streams.  The  Missouri  and  its  tributaries  in  North  Dakota  have 
been  followed,  and  the  extent  and  elevation  of  the  river  flats  and  the 
amount  and  quality  of  the  lignite  near  them  have  been  noted. 

If  only  a  small  fraction  of  the  western  part  of  the  State  is  under 
irrigation,  the  productiveness  of  the  whole  region  will  be  greatly 
increased.  Every  river  valley  contains  land  which  may  be  considered 
with  reference  to  irrigation  possibilities.  With  a  few  acres  which 
can  be  watered  at  will,  and  abundant  range  for  cattle  in  the  broken 
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or  rolling  land  back  of  the  valley,  ten  families,  by  combining  farming 
with  cattle  raising,  will  prosper  where  one  finds  a  living  now.  These 
conditions  will  lay  a  sure  foundation  for  the  dairying  industry,  which 
should  be  one  of  the  foremost  of  the  State. 

LIGNITE  AREA  IK  NORTH  DAKOTA. 

While  thin  beds  of  lignite  have  been  recognized  in  the  eastern  part 
of  the  State  and  have  been  previously  described,0  the  only  workable 
beds  east  of  the  center  of  the  State  are  in  the  Turtle  Mountains  and 
at  the  southern  bend  of  the  Sheyenne  River,  about  25  miles  southeast 
of  Valley  City,  the  Turtle  Mountains  being  an  outlier  of  the  lignite 
area  proper.  The  region  in  which  lignite  may  reasonably  be  expected 
to  be  found,  and  which  is  discussed  in  this  bulletin,  may  be  roughly 
bounded  on  the  east  by  a  line  beginning  at  the  northern  boundary  of 
the  State,  30  miles  east  of  the  Minneapolis,  St.  Paul  and  Sault  Ste. 
Marie  Railway,  and  extending  southeast  to  Harvey,  thence  south 
through  Steele  to  the  southern  boundary.  More  careful  study,  aided 
by  well  borings,  which  will  doubtless  be  made  as  the  country  is  set- 
tled, will  perhaps  shift  this  line  at  certain  points  30  or  40  miles  east 
or  west.  On  the  north,  south,  and  west  the  lignite  continues  beyond 
the  boundaries  of  the  State.  This  region  is  of  very  great  extent, 
having  an  area  equal  to  half  of  that  of  the  State  of  Ohio. 

It  is  highly  probable  that  lignite  doc-  not  exist  in  beds  of  workable 
thickness  in  owvy  part  of  this  region,  but  it  is  equally  probable  that 
the  fraction  of  the  area  lacking  lignite  in  beds  of  three  or  more  feet 
in  thickness  is  a  small  one.  not  more  than  one-fifth  of  the  whole.  In 
the  southeastern  portion  of  the  area,  about  the  lower  part  of  Cannon- 
ball  River,  thick  beds  seem  to  be  lacking.  Where  heavy  beds  are 
present,  all  may  not  be  available,  either  on  account  of  depth  or  some 
difficulty  in  mining,  and  throughout  the  eastern  portion  of  the  region 
they  are  so  thoroughly  concealed  by  glacial  drift  that  without  a 
knowledge  of  the  underlying  formations  and  of  the  surrounding 
country  their  existence  would  be  unsuspected. 

The  restriction  of  the  term  lignite  area  to  the  region  in  which 
workable  beds  of  lignite  are  found  greatly  simplifies  the  stratigraphic 
series  and  limits  this  section  to  a  consideration  of  the  Laramie  and  the 
glacial  drift. 

The  Laramie,  which  is  the  Latest  stage  of  the  Cretaceous,  contains 
all  of  the  workable  lignite  in  North  Dakota.  Early  students  of  the 
field  referred  part  of  the  lignite  beds  to  the  "  Fort  Union  "  on  paleon- 
tologic   grounds.     Reasons    for    retaining    the    distinction    have    not 

"  Uphani,  Warren,  The  glacial  Lake  Agassiz  :  Mon.  U.  S.  Geol.  Survey,  vol.  -5,  1895, 
p.  92. 


WILDER.] 


OCCURRENCE. 


11 


seemed  adequate,  and  the  effort  may  well  be  abandoned.  The  Laramie 
is  found  over  the  region  previously  outlined  as  the  lignite  area, 
though  its  eastern  border  is  buried,  often  deeply,  by  glacial  drift. 
The  difference  in  elevation  of  its  deposits  actually  exposed  within 
the  State  is  at  least  1,400  feet.  Its  greatest  thickness,  shown  with 
certainty  by  the  well  at  Medora  to  be  more  than  2,000  feet,  occurs  in 
the  western  part  of  the  State,  while  its  vertical  extent  gradually 
decreases  toward  the  east  till  at  the  edge  of  the  Coteau  du  Missouri 
it  drops  off  sharply,  beyond  which  it  continues  as  a  relatively  thin 
series.  The  Laramie  consists  of  clays,  sands,  sandstone,  lignite,  and 
thin  bands  of  hematite,  clay  ironstone,  and  shaly  limestone. 

OCCURRENCE    OF    THE    LIGNITE. 
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The  numerous  natural  exposures  of  lignite  in  the  driftless  area  and 
the  remarkably  fine  opportunity  to  study  the  Laramie  strata  given 
by  the  badlands  make  it  possible  to  draw, 
even  from  a  preliminary  study  of  the 
region,  rather  far-reachinff  conclusions 
in  regard  to  the  nature  of  the  lignite 
beds.  Five  well-developed  beds  out- 
crop in  the  bluffs  of  the  Little  Missouri 
at  Medora  and  may  be  traced  for  miles 
both  north  and  south  of  this  point. 
Along  the  Missouri  south  of  Williston 
five  or  six  beds  show  in  a  single  section 
and  can  be  traced  for  long  distances, 
while  on  the  Fort  Berthold  Reservation 
nine  well-developed  beds  occur  in  a  sin- 
gle exposure.  The  wells  at  Medora  and 
Dickinson,  a  record  of  which  is  given  in 
fig.  1,  show  an  even  greater  number  of 
beds.  Near  the  eastern  edge  of  the  lig 
nite  area  the  number  of  beds  is  greatly 
reduced,  but  even  here  two  or  three 
exist  at  certain  points,  though  generally 
but  one  is  workable. 

On  account  of  the  nature  of  the  beds, 
considered  in  a  later  paragraph,  their 
number  does  not  remain  constant 
through  large  areas,  and  it  is  possible. 

though  hardly  probable,  that  at  a  few  localities  in  the  heart  of  the  lig- 
nite area  a  prospect  hole  might  pass  completely  through  the  Laramie, 
and  not  encounter  a  single  lignite  bed.     This  variation  in  number 


Depth  945 


Fig.  1.— Diagram  of  lignite  beds  be 
tween  Medora  and  Dickinson,  N. 
Dak.,  by  N.  H.  Darton. 
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and  thickness  of  beds,  often  within  comparatively  short  distances. 
will  be  a  factor  of  great  practical  importance  in  opening  up  on  a 
large  scale  a  new  lignite  field.  In  the  first  place,  it  will  increase  the 
number  of  prospect  holes  that  must  be  sunk  to  determine  the  amount 
of  available  coal  in  a  given  area.  To  offset  this,  however,  are  a  num- 
ber of  conditions  which  make  prospecting  unusually  easy. 

Thickness  of  beds. — The  lignite  beds  in  North  Dakota  vary  in  thick- 
ness from  an  inch  to  40  feet.  This  maximum  thickness,  which  was 
carefully  measured  in  the  summer  of  L902,  occurs  at  an  outcrop  in  sec. 
31,  T.  135,  R.  101,  which  will  be  described  in  connection  with  the  lig- 
nite on  Little  Missouri  River.  Three  beds  that  reach  a  thickness  of 
25  feet  are  known,  while  beds  15  feet  thick  are  not  uncommon.  In 
the  western  part  of  the  State  beds  2  and  3  feet  thick  are  so  common 
that  in  this  report  it  i>  not  practicable  to  note  them  minutely. 

Extent  of  beds. — A-  important  from  an  economic  point  of  view  as 
their  thickness  is  the  question  of  their  persistence  laterally.  Atten- 
tion was  directed  to  this  point,  and  the  elevation  of  beds  was  noted  in 
order  to  correlate,  i  f  possible,  the  beds  exposed  at  one  point  with  those 
at  another.  Generally  such  a  correlation  of  beds  distant  from  one 
another  a  number  of  miles  was  impossible  on  account  of  variations  in 
thickness  and  elevation.  While  a  single  bed  was  often  traced  for  5 
or  6  miles  along  the  banks  of  the  Little  Missouri,  another  seen  at  the 
same  time  might  thin  out  and  give  place  to  others  above  or  below. 
The  interrupted  bed  might  begin  again  farther  on  after  a  break  of 
half  a  mile  or  more,  the  lignite  meanwhile  being  replaced  by  a 
bituminous  or  a  nearly  pure  clay.  The  deduction,  which  early  in  the 
work  seemed  true,  that  certain  horizons  in  the  Laramie  are  much  richer 
in  lignite  than  others  was  not  borne  out  by  later  observations.  For  a 
given  locality  the  statement  hold-  good,  but  a  horizon  which 
abounds  in  lignite  at  one  point  may  be  barren  in  another.  A  striking 
instance  of  the  rapid  thinning  out  of  a  bed  i>  given  by  the  10-foot 
bed  already  referred  to.  which  within  one-fourth  of  a  mile  decreases 
to  17  feet,  the  top  and  bottom  drawing  together  like  the  surfaces  of 
a  lense.  Sufficient  work  has  been  done  at  one  point  near  Minot  to 
demonstrate  the  persistence  of  a  thick'  bed  beneath  the  greater  part 
of  a  township,  but  this  seems  to  be  the  exception  rather  than  the  rule. 
N.  II.  Darton  has  suggested  a  correlation  of  the  beds  encountered  in 
the  wells  at  Medora  and  Dickinson,  but  as  the  distance  between  these 
points  is  39  miles,  and  lignite  beds  vary  so  greatly  in  order  and  con- 
tinuity, the  identity  of  the  beds  can  not  be  established. 

Variations  in  fuel  value  in  a  single  bed. — A  majority  of  the  beds 
examined  and  tested  show  no  great  difference  in  fuel  value  from  top 
to  bottom.     In  some  instances,  however,  the  differences  in  the  com- 
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position  of  the  lignite  in  a  given  bed  are  considerable.  Not  infre- 
quently the  upper  foot  or  two  are  inferior,  and  are  left  for  roof  in 
mining.  The  loss  in  this  case  is  not  as  great  as  might  be  expected, 
for  it  is  often  more  economical  to  leave  coal  for  a  roof  than  to  timber. 
When  the  lignite  lies  directly  under  the  glacial  drift,  as  at  the 
Hanchett  mine,  10  miles  southwest  of  Velva,  the  upper  portion  shows 
deterioration.  Shaly  layers  sometimes  occur,  which  if  mixed  with 
the  coal  from  the  rest  of  the  bed  raise  the  percentage  of  ash  for  the 
whole  very  considerably.  Sulphur  in  any  form  is  present  commonly 
only  in  traces.  Iron  nodules,  which  prove  so  annoying  to  the  oper- 
ator of  mining  machines  in  the  East,  do  not  occur  in  the  lignite, 
and  there  are  no  hindrances  to  the  use  of  drills  and  undercutting 
machinery. 

Variations  in  fuel  value  in  different  beds. — The  chemical  analyses 
of  70  samples  from  as  man}-  beds,  given  on  pages  IT  and  18,  throw  light 
on  the  fuel  value  of  lignites  from  as  many  parts  of  the  State.  Sam- 
ples were  not  taken  from  beds  that  were  obviously  too  thin  or  too 
impure  to  be  of  economic  value,  but,  on  the  other  hand,  all  analyses 
made  are  given,  whether  favorable  to  the  lignite  or  not.  The  lignites 
taken  as  a  whole  will  probably  average  better  than  the  samples 
analyzed  indicate,  for  in  many  cases  fresh  material  coidd  not  be 
obtained,  and  the  weathering  on  the  surface  of  a  natural  exposure  is 
sufficient  to  lessen  the  carbon  values  for  some  feet  from  the  surface. 
In  the  discussion  which  follows,  lignites  which  are  reported  as  good 
have  between  40  and  50  per  cent  of  fixed  carbon  and  not  more  than 
8  per  cent  of  ash. 

Possibilities  of  coal  at  greater  depths. — There  are  no  theoretical 
considerations  to  support  the  rather  common  notion  that  at  greater 
depths  a  higher  grade  of  coal  exists.  The  analyses  of  the  coals  found 
by  the  railroads  in  the  deep  drillings  in  the  western  part  of  the  State 
have  not  been  examined,  but  as  these  borings  were  made  some  }^ears 
ago  and  no  development  work  has  followed,  the  inference  seems  fair 
that  bituminous  coal  in  significant  quantities  was  not  found. 

A  popular  fallacy  in  regard  to  lignite. — The  belief  so  often  ex- 
pressed that  lignite  beds  outcropping  on  slopes  are  certain  to  thicken 
is  hard  to  account  for.  While  in  many  cases  the  beds  doubtless  thicken 
away  from  the  outcrop,  the  reverse  will  as  often  prove  true.  The 
lignite  beds  being  in  general  lens-like,  it  is  impossible  without  drill- 
ing to  determine  whether  the  outcrop  represents  a  section  near  the 
edge  of  the  lens  or  across  the  center.  If  the  outcrop  represents  a 
section  near  the  edge  of  the  lens  the  lignite  wall  thicken  as  the  drift 
goes  into  the  hill  or  bank  till  the  center  of  the  lens  is  reached,  while 
if  it  is  across  the  center  the  lignite  will  become  thinner. 
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Following  is  a  summary  of  the  output  of  the  lignite  of  North 
Dakota  mines  in  1902 : 

Summary,  by  comities,  of  lignite  output  for  1902. 


County. 

Loaded  at 
mine  for 
shipment. 

Sold  to 
local 
trade. 

Total 
product. 

Total  value. 

Average 

spot 

value 

per  ton. 

Billings                              -        

Short 
tons. 

Short 

tints. 

5,000 

10, 000 

1,000 

3,000 

5,000 

4.000 

3,000 

10,000 

19, 000 

3,000 

Short 

tall*. 

5,000 
130,000 

1.00!) 
3,000 

l',.-).  000 
1.000 

$4,000 

109.000 

2,750 

2.400 

45,000 

$0.80 

Burleigh 

Emmons 

120. (MM) 

1.30 
2. 75 

Mercer 

.SO 

Morton                                       

30.  000 

1.30 

McLean  _ .                . . 

5.200           1.30 

Oliver 

3,000           2.100             .80 

Stark 

45,000 
57,800 

55,000         00.000           1.20 

Ward 

Williams 

;  0.800 

3,000 

107,520 
24, 000 

1.40 

.SO 

Total 

315,800       428.270 

FUEL  VALUE  OP  NOKTH    DAKOTA    LIGNITE. 

The  fuel  value  of  a  given  lignite  will  vary  considerably  with  the 
conditions  under  which,  and  the  ] >n r | »<>-<-  for  which,  it  is  used.  In 
one  connection  it  may  he  esteemed  highly  and  in  another  have  no 
value  at  all.  Out  of  this  fact  grows  the  diversity  of  opinion  in 
regard  to  a  number  of  well-known  lignites  of  the  State.  A  lignite 
whose  value  as  a  steam  coal  i-  very  high  may  not  prove  suitable  for 
certain  kinds  of  stoves.  An  actual  case  will  serve  well  for  illustra- 
tion. In  two  localities  lignite  from  yearns  that  are  high  in  ash, 
due  to  admixture  of  clay,  are  highly  valued  for  heating  purposes, 
because  the  clay  enables  them  to  stand  up  well  and  prevents  slack- 
ing. Judged  by  ordinary  standards  these  lignite-  are  very  inferior. 
These  recognized  standards  are:  The  amount  of  fixed  carbon  and 
the  percentage  of  ash  that  the  lignite  contains,  the  result  given  by  the 
calorimeter,  and  the  amount  of  water  that  a  given  amount  of  lignite 
will  evaporate.  Of  the  three  tests  the  last  is  the  mod  satisfactory. 
The  lignites  have  been  tested  in  accordance  with  these,  as  well  as  in 
a  variety  of  practical  ways,  and  a  brief  statement  of  results  is 
appended. 
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LABORATORY  TESTS. 
CHEMICAL    PROPERTIES    OF    LIGNITE. 

Fixed  carbon. — The  average  amount  of  fixed  carbon  in  26  samples 
of  North  Dakota  lignite  analyzed  in  1900,  when  thoroughly  dried, 
was  52  per  cent.  Sixty  samples,  after  thorough  drying,  gave  51.21 
per  cent  of  fixed  carbon.  Compilations  of  analyses  of  41  samples 
of  West  Virginia  bituminous  coal  show  67.16  per  cent  of  fixed 
carbon;  22  samples  of  the  better  grades  of  semibituminous  dry  coals 
of  Maryland  show  75.99  per  cent ;  and  26  samples  of  dry  bituminous 
coal  from  Pennsylvania  show  67.97  per  cent.  Judged  by  the  fixed 
carbon  alone  the  heating  power  of  North  Dakota  lignite  is  76  per 
cent  of  that  of  West  Virginia  bituminous,  65.9  per  cent  of  that  of 
Maryland  semibituminous,  and  74.-1  per  cent  of  that  of  Pennsyl- 
vania bituminous.  These  figures  show  that  the  North  Dakota  lig- 
nites rank  far  above  the  coals  that  are  the  average  representatives  of 
this  class. 

With  respect  to  fixed  carbon,  the  lignite  of  North  Dakota  appears 
to  be  equal  to  the  product  of  the  Western  Interior  coal  field  (which 
includes  Iowa,  Missouri,  and  Kansas).  According  to  a  recent  United 
States  Geological  Survey  report/*  the  amount  of  fixed  carbon  in  12 
samples  from  the  Western  Interior  field,  computed  on  a  dry  basis, 
averages  about  50  per  cent.  These  coals,  however,  have  a  somewhat 
higher  evaporative  power  than  the  lignites. 

Volatile  matter. — The  average  amount  of  volatile  matter,  exclusive 
of  water,  computed  from  60  analyses  of  different  lignite  coals,  is 
35.63  per  cent.  When  the  fixed  carbon  alone  is  considered  as  deter- 
mining the  fuel  value  of  a  coal  the  worth  of  the  volatile  matter  is 
overlooked.  Under  proper  conditions  these  gases  may  be  made  to 
develop  a  great  deal  of  heat,  and  no  appliances  which  aim  at  an 
economical  combustion  of  lignite  can  afford  to  disregard  them. 

Ash. — The  percentage  of  ash  in  the  60  samples  is  generally  low, 
the  average  amounting  to  8.5  per  cent.  By  deducting  4  inferior 
samples,  the  average  will  be  lowered  to  7.5  per  cent.  Compared 
with  coals  of  the  Iowa,  Missouri,  and  Kansas  region,  lignites  are 
notably  purer.  In  the  ash  from  some  North  Dakota  coals  there  is  a 
tendency  to  form  clinkers,  due  to  the  presence  of  clay,  but  generally 
the  lignite  burns  like  wood,  leaving  a  gray  powdery  residue. 

Sulphur. — The  percentage  of  sulphur  in  the  lignites  is  usually 

a  Bain,  H.  Foster,  Western  Interior  coal  field  :  Twenty-second  Ann.  Rept.  U.  S.  Geol. 
Survey,  pt.  3,  1902,  pp.  333-366. 
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low much  lower  than  in  most  bituminous  coals.     The   following 

samples  are  fairly  representative : 

Percentage  of  sulphur  in  North  Dakota  Ngnites. 

Per  cent. 

Lehigh    mine °-  88 

Washburn  mine •  91 

Forty-foot  vein,  Billings  County 1.10 

Electric  mine,  Kenmare •  G8 

Davis  mine  (Mouse  River  Lignite  Company) .35 

The  sulphur  in  these  analyses  was  determined  in  dry  coal,  which 
brings  the  percentage  one-fourth  higher  than  for  lignite  fresh  from 
the  mine.  A  yellow  powder  composed  of  calcium  sulphate*  and  iron 
oxide  often  occurs  in  the  upper  part  of  lignite  scams  and  in  color 
and  texture  resembles  sulphur. 

The  average  of  60  tests  shows  that  the  lignite  contains  35.66  per 
cent  of  volatile  matter  and  about  30  per  cent  of  moisture.  Several 
service  test-  of  lignite  show  it  to  have  an  evaporative  power  of 
4.2  pounds  of  water  from  and  at  212°  F.  per  pound  of  fuel.  This 
amount  is  below  the  average  te>t.  but  it  is  the  amount  used  in  compu- 
tations for  fuel  value,  and  is  7T>  per  cent  of  that  of  Iowa  coal  and  70 
per  cent  of  that  of  the  Missouri  product. 

PHYSICAL    PROPERTIES   or    LIGNITE. 

Moisture. — In  a  far  Larger  measure  than  is  the  case  with  bitumin- 
ous coal,  the  physical  properties  of  lignite  must  be  kept  in  mind  in 
considering  its  fuel  value.  A  series  of  analyses  subsequently  quoted 
shows  that  lignite  fresh  from  the  mine  contains  •'><)  per  cent  of  mois- 
ture, in  which  respect  samples  taken  from  various  parts  of  the  State 
differ  but  slightly.  When  shipped  under  ordinary  conditions  and 
in  the  usual  manner,  the  lignite  reaches  the  engine  room  with  nearly 
all  of  its  moisture.  Small  sample-  that  are  more  or  less  exposed  to 
the  air  for  two  month-  reach  I  he  laboratory  with  from  10  to  20  per 
cent  of  moisture,  as  shown  by  the  following  tables,  which  trive  anal- 
yses of  specimens  in  which  no  special  effort  was  made  to  prevent 
drying. 

The  expense  of  shipping  this  moisture  and  its  effect  on  the  heating- 
properties  of  the  lignite  are  points  worthy  of  careful  study  and  ex- 
periment. The  general  opinion  of  those  burning  lignite  is  that  if 
the  lignite,  in  drying,  did  not  fall  to  pieces,  becoming  so  fine  that  it 
was  apt  to  go  through  the  grates,  there  would  be  great  economy  in 
burning  it  after  drying,  and  that  in  those  devices  where  powdered 
or  fine  coal  is  used  the  dry  lignite  presents  a  material  saving  over  the 
"  green."  Theoretically,  it  would  seem  that  this  should  be  the  case, 
for  the  heat  necessary  to  volatilize  the  30  per  cent  of  moisture  would 
be  saved,  and  there  is  no  apparent  reason  for  a  material  loss  of  the 
volatile  gases  in  drying. 
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In  any  case,  if  the  coal  could  be  dried  before  shipping  and  eco- 
nomically burned  after  drying,  the  freight  charges  would  be  reduced 
nearly  one-third. 

The  so-called  slacking  of  lignite  is  the  process  of  crumbling  that 
it  undergoes  when  drying.  It  probably  loses  none  of  its  fuel  value 
in  consequence,  and  there  is  probably  a  gain  in  this  respect  due  to 
the  absence  of  the  moisture.  Special  conditions  arc  necessary,  how- 
ever, to  burn  this  fine  coal  advantageously,  the  danger  being  that  it 
will  fall  through  the  grate  or  be  blown  out  through  the  stack. 

ANALYSES   OF   SAMPLES   OF   LIGNITE. 


Analyses  of  lignite  fresh  from  mine. 
[Fixed  carbon,  volatile  matter,  and  ash  computed  on  dry  basis.] 


Mine  and  location. 


Mouse  River  Lignite  Co.,  Burlington: 

4  feet  from  bottom 

Top 

16  inches  above  clay  seam 

Lower  20  inches 

Electric  mine,  Kenmare: 

4  feet  from  floor 

3  feet  from  floor 

Bottom 

Top 

Diamond  mine,  Kenmare: 

Top 

Center . 

Lower  18  inches 

Dakota  Lignite  and  Brick  Co. ,  near  Burlington 

New  Era  mine,  near  Minot 

Smith-Kenmare  Dry  Coal  Co. : 

Next  to  clay 

Next  to  roof 

1  foot  below  roof 

Wadeson  mine,  Sims  -  - 

Lehigh  mine 

Satterlund  mine,  near  Washburn 

Washburn  mine,  at  Wilton 

Dickinson  Brick  Co 

On  Heart  River,  near  Dickinson 

Consolidated  Coal  Co. ,  New  Salem 


Fixed 
carbon. 


51.28 
46.42 
47.36 
52.96 

57.95 

59.19 
56.58 
56.87 

52.98 
56.82 
56.97 
55. 61 
57.66 

55.55 
52.30 
55.25 
50.47 
51.62 
55.89 
54.93 
46.89 
60.49 
53.86 


Volatile 
matter. 


35.83 
32.60 
42.14 
38.93 

34.41 
36.56 
34.44 
36.58 

37.24 
33.77 
36.28 
40.08 
38.22 

36.79 
39.90 
33.50 
39.21 
43.18 
37.50 
38.75 
38.23 
38.31 
41.66 


Ash. 


11.89 

20.98 

10.50 

8.11 

7.64 
4.25 
6.98 
6.55 

9.78 
9.41 
6.75 
4.30 
4.12 

7.67 

7.80 

11.25 

10.32 

5.21 

6.61 

6.32 

14.88 

1.20 

4.48 


Moisture. 


32.00 
30.00 
29.40 
34.70 

32.90 
35.00 

34.80 
34.80 

33.00 
33.00 
33.60 
23.40 
33.60 

33. 20 
32.00 
32.60 
30.29 
34.30 
30.  91 
31.82 
27. 82 
14.25 
27.48 
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Analyses  of  lignite  partly  dried. 
[Fixed  carbon,  volatile  matter,  and  ash  computed  on  dry  basis.] 


Mine  and  location. 

Fixed 
carbon. 

Volatile 
matter. 

Ash. 

Moisture. 

Sample  from  Beaver  Creek,  E.Williams  County 

57.97 

38.34 

3.69 

18.13 

Sample  from  Dry  Fork  Creek      

48.99 

35.81 

15.19 

16.26 

Outcrops  near  agency  at  Elbowoods 

57.  29 

37.  29 

'  4.76 

19.97 

Ed  Hall's  mine,  near  Fort  Berthold  Agency. . . 

51.41 

35. 16 

13.43 

17.63 

50.  95 

38.40 

16.65 

20.  36 

Jones  mine,  16  miles  southwest  of  Balfour 

53.77 

37.72 

8.51 

21.73 

Missouri  River,  west  of  White  Earth  River.  _  - 

51.60 

43.04 

5.36 

13. 33 

Rose  Hill  mine,  15  miles  southwest  of  Balfour, 

53.11 

38.81 

8.08 

18.08 

Opening,  8  miles  north  of  White  Earth 

56.  51 

36.94 

6.55 

17.76 

F.  F.  Alger  mine,  Stanley.  Ward  County 

49.63 

35.57 

14.80 

16.80 

Pleasant  Valley  mine  Shell  Creek  . 

55.09 

39.89 

5.02 

17. 06 

Sikes  mine  on  the  Little  Knife 

47.55 

42.68 

9.77 

16.  03 

Badlands,  6  miles  east  of  Fort  Berthold 

47.38 

42. 75 

9.87 

14.64 

Boyds  mine  sec.  17,  T.  152,  R.  94 

55.18 

37.85 

6.  97 

17.63 

Nesson  opening    ..     ..     ..       

60.38 

36.09 

3.53 

19.97 

Williams  opening,  5  miles  south  of  White 
Earth                            

44.49 
60.12 
60. 95 

31.59 
34.19 
34.12 

23.92 

5.69 
4.93 

17.02 

Gille-Miller  mine            .       .     . 

18.  39 

Sorenson  mine,  sec.  32,  T.  162,  R.  92 

19.42 

Pony  Gulch  mine,  16  miles  southwest  of  Har- 
vey   

51.66 

36.72 

11.62 

19.16 

Leigh  Ericson,  Donnybrook 

59. 75 

35.14 

5.11 

19.50 

Lloyd  Mining  Co                                

58.23 

33.13 

8.64 

17.08 

Scribner's  mine 

56.61 
56.57 

36.87 

38.  01 

12. 52 
5.42 

16.23 

Drift,  near  railroad  bridge  near  Burlington  . . . 

17.46 

Turtle  Gulch  mine,  sec  14,  T.  152,  R.  81 

53.78 

37.20 

9.02 

20.02 

Wm.  Lacy's  land,  Coal  Harbor 

53.43 

39.14 

7.43 

18.51 

Hanchett  mine,  southwest  of  Velva. 

53.60 

40.14 

6.16 

16. 69 

Coal  Canyon,  30  miles  south  of  Medora 

52.47 

38.  57 

8.96 

16.79 

J.  C.  Gamel's  ranch,  sec.  20,  T.  133,  R.  104 

55.90 

37. 59 

6.  51 

18.24 

Sentinel  Butte,  Billings  County. . 

48.04 

42.67 

9.29 

18.99 

From  777  ranch  on  Little  Missouri 

43.47 
51.79 

34.  55 
38.69 

21.98 
9.52 

14.  54 

Forty-foot  seam,  sec.  31,  T.  135,  R.  101 

13.70 

Lower  vein  on  Missouri  River.  3  miles  south 
of  Williston 

50.65 

54.38 

36. 15 
36.37 

13.20 
9.15 

10. 56~ 

Twelve-foot  seam,  3  miles  east  of  Williston ..  _ . 

11.25 

Heaton's  land,  sec.  29,  T.  145,  R.  80 

54. 59 

39.49 

5.92 

11.04 

Coal  Lake  mine,  sec.  22,  T.  146,  R.  82 

55. 73 

38.74 

5. 53 

11.23 

Reiss  mine,  New  England 

53. 03 

38. 39 

8.58 

24.46 

Stone-Bird  mine,  near  Belfield  . 

56.61 

35.71 

7.68 

21.56 

Average ... 

51.21 

35.63 

8.50 

Number  of  samples  in  Tables  I  and  II,  60. 
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Deductions. — The  method  of  analysis  employed  differs  from  that 
commonly  used  for  lignites,  for  the  percentage  of  moisture  is  first 
computed  and  then,  after  the  moisture  has  been  expelled,  the  amount 
of  the  other  constituents  is  determined.  The  percentage  of  fixed 
carbon,  volatile  matter,  and  ash  is  made  somewhat  higher  than  when 
the  undried  coal  is  analyzed.  The  practical  difficulty  in  bringing  the 
lignite  to  the  laboratory  without  partly  drying,  however,  makes  it 
much  more  desirable  to  compute  composition  on  a  dry  basis. 

Even  when  allowance  is  made  for  this  method  of  computation  the 
percentage  of  fixed  carbon  is  high  enough,  if  this  alone  is  considered, 
to  remove  these  coals  from  the  lignites  and  place  them  with  the  semi- 
bituminous  or  steam  coals.  The  content  of  water,  however,  about  30 
per  cent,  keeps  them  in  the  former  class. 

PRACTICAL  USE. 
EVAPORATIVE    TESTS. 

More  satisfactory  than  either  chemical  or  calorimetrie  tests  are 
practical  evaporative  tests  carried  on  with  boilers  of  standard  pat- 
terns. A  number  of  such  tests  have  been  made,  and  in  some  cases 
eastern  coal  also  has  been  tested  in  the  same  boilers  and  under  prac- 
tically the  same  conditions,  so  that,  knowing  the  price  of  each  coal 
at  the  point  given,  it  is  possible  to  determine  definitely  the  economy 
resulting  from  use  of  lignite. 

Tests  under  natural  draft. — The  following  test  was  made  at  the 
asylum  for  the  insane  at  Jamestown  by  Chief  Engineer  Thomas  Petti- 
grew,  whose  careful  study  of  proper  methods  for  burning  lignite  has 
greatly  advanced  the  lignite  industry. 

Test  of  lignite  at  insane  asylum  at  Jamestoivn,  N.  Dak. 
[Date  of  test:  Youghiogheny  coal,  August  6,  1894;  lignite  coal,  August  8,  1894.] 


Duration  of  test . .  _   hours. 

Average  temperature  of  feed  water. .  _  _       °  F_ 

Coal  burned pounds. 

Combustible do . . . 

Ash per  cent- 
Coal  burned  per  square  foot  of  grate  per  hour pounds. 

Total  water  evaporated  at  temperature  of  feed do.  _ . 

Water  evaporated  in  pounds  per  pound  of  coal  actual  con- 
dition  

Water  evaporated  per  pound  of  combustible pounds. 

Temperature  of  flue  gases °  F . 

Boiler  6  feet  in  diameter  by  10  feet  long,  with  30  44-inch 
flues;  grate  surface,  4  feet  5  inches  by  5  feet;  coal  3  days 
from  mine;  value  of  coal 


Youghio- 
gheny coal. 

Lignite 
coal. 

n 

8 

74 

74 

1,400 

3,  370 

1,243 

3,170 

11.21 

5.93 

8.29 

18.72 

8,837 

14,157 

6.312 

4.2 

7.1 

4.46 

510 

510 

$1.00 


$0,665 
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The  cost  of  Youghiogheny  lump  at  Jamestown  was  $6.80  per  ton 
and  of  lignite  $2.80. 

Test  of  Lehigh  lignite  made  by  the  Missouri  Valley  Milling  Company  at  Mandau, 

N.  Dak. 

Duration  of  test hours. .  11 

Kind  of  furnace Smith- White. 

Grate  surface square  feet. .  30 

Width  of  air  space  in  grate inch. .  i 

Water-heating  surface ...  .square  feet.  _  1, 549 

Ratio  of  water-heating  surface  to  grate  surface 51  to  1 

Average  steam  pressure 104 

Average  temperature  of  feed  water  entering  boiler  °  F  _ .  175 

Total  coal  fed  to  furnace pounds. .  12, 221 

Moisture  in  coal per  cent.  _  23 

Coal  consumed  per  square  foot  of  grate  per  hour pounds .  _  37 

Cost  of  coal  delivered  at  mill  per  ton  . $1 .  GO 

Total  cost  of  coal $9. 77 

Total  weight  of  water  fed  to  boiler pounds. .  5G,  350 

Water  evaporated  per  hour  from  and  at  212°  F do 5, 554 

Horsepower  developed _..._. 163 

Cost  of  fuel  for  evaporating  1 ,000  pounds  of  water $0. 1734 

Average  horsepower  of  engine 190 

Cost  per  horsepower  per  hour $0. 0047 

The  mill  has  a  capacity  of  450  barrels  of  flour  per  day,  and  the  cost 
of  fuel,  when  lignite  is  burned,  per  barrel  of  flour  ground  is  4.46  cents. 

Test  of  Wilton   lignite  coal   in   the  Fargo-Edison   Company's  plant  at  Fargo, 
x.  Dale,  January  9,  1901. 

Duration  of  test hours—  12 

Boilers  used:   Two  1C>  feet  by  1-  inches  tubular,  one  200-horsepower  Heine 
water  tube. 

Total  heating  surface square  feet--     4,823 

Total  grate  surface do 88 

Average  steam  pressure pounds 83 

Average  temperature  of  feed  water °F__         140 

Total  weight  of  coal  fired pounds—  26,400 

Cost  of  coal  per  ton  of  2,000  pounds  at  boilers $2.  60 

Total  cost  of  coal $34.32 

Total    weight    of    water    pumped    into    boilers    and    apparently    evapo- 
rated  pounds—  97,  500 

Water  evaporated  per  pound  of  coal  from  average  pressure  and  tempera- 
ture   pounds—         3.  7 

Equivalent  evaporation  from  and  at  212°  F do 4.  1 

Coal  burned  per  square  foot  of  grate  per  hour do 25 

Cost  of  fuel  to  evaporate  1,000  pounds  of  water $0.  352 

Moisture  in  coal per  cent--  30 

Refuse  in  coal do 3£ 
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Boiler  test  of  lignite  at  North  Dakota  Agricultural  College,  March  8,  1902. 

Duration  of  test hours 8.5 

Average  atmospheric  pressure inches 28.5 

Gage   pressure " - pounds__  73.  8 

Temperature  of  feed  water °F__  144 

Kind  of  fuel "White  ash"  lignite. 

Moisture  in  coal per  cent__  36 

Description  of  boiler:  Common  fire  tubular  boiler,  with  62  flues,  3  inches 
in  diameter,  16  feet  long ;  diameter  of  shell,  GO  inches. 

Water-heating  surface square  feet 962 

Ratio  of  water-heating  surface  to  grate  surface .  025 

Coal  burned pounds—  3,907 

Unburned   fuel _ None. 

Average  coal  burned  in  fifteen  minutes pounds—  144.91 

Total  refuse  from  coal do 168 

Total   combustible do 2,314.5 

Average  combustible  for  fifteen  minutes do 68.05 

Quality  of  steam  (saturated  steam  taken  as  unity) per  cent—  0.  97 

Total  water  pumped  into  the  boiler pounds—  1,236.5 

Water  apparently  evaporated  per  pound  of  fuel  burned— 3.  16 

Water  actually  evaporated,  corrected  from  moisture pounds—  11,994 

Equivalent  water  evaporated  into  dry  steam  from  and  at  212°  F do 13,  228 

Equivalent  evaporation  into  dry  steam  from  and  at  212°  F.  per  pound  of 

dry  coal  burned pounds—  3.385 

Coal  burned  per  square  foot  of  grate  surface  per  hour do 18.  38 

Water  evaporated  from  and  at  212°  F.  per  square  foot  of  heating  sur- 
face  pounds—  1.  606 

Equivalent  evaporation  into  dry  steam  per  pound  of  combustible 5.  68 

Average  ash per  cent—  9.  03 

Combustible    do—  90.97 

Gas  analysis : 

CO, do 7 

O do 0 

CO do 1.05 

Test  conducted  by  Lewis  Larson. 

In  the  foregoing  tests  natural  draft  only  was  used. 

Test  under  forced  draft. — On  November  17,  1902,  a  preliminary 
test  of  lignite  coal  from  the  mine  of  the  Kenmare  Coal  Company 
was  made  under  boilers  No.  1  and  No.  3  of  the  State  University 
heating  plant.  During  the  winter  of  1904  more  elaborate  tests  were 
made  under  boilers  provided  with  lignite  fire-brick  arches  and  under 
boilers  without  arches,  which  it  is  hoped  will  settle  the  disputed 
question  as  to  the  real  worth  of  these  arches.  For  the  test  given 
below  a  steam  calorimeter  was  not  available,  and  the  water  fed  to 
the  boiler  is  assumed  to  have  been  evaporated.  The  boilers  are 
fire  tubular;  diameter  of  shell,  54  inches.  Each  contains  forty-eight 
16-foot  flues,  with  inside  diameter  of  3 \  inches,  and  each  contains 
811.76  square  feet  of  heating  surface.     They  are  provided  with  the 
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lignite  fire-brick  arches,  and  the  test  was  made  under  forced  draft 
from  a  fan. 

Test  of  lignite  at  Mate  University. 

Duration  of  test hours..  123 

Percentage  of  moisture  as  shown  by  four  clays"  drying __per  cent..  10 

Percentage  of  asb do 7.828 

Evaporated  per  pound  of  fuel  from  and  at  212°  F pounds..  4.307 

Evaporated  per  pound  combustible    (coal  minus  asb  and  water)    from 

and  at  212°  F pounds..  5.242 

With  boiler  and  grate  conditions  about  Like  those  used  in  the  test 
at  the  asylum  for  the  insane,  already  quoted,  three  Iowa  coals  tested 
at  Des  Moines  gave  per  pound  of  coal  a  water  evaporation  from  and 
at  212°  F.  of  5.44,  5.21,  and  6.52  pound-,  respectively.  Four  standard 
Missouri  coals  gave  o.s;4.  6.27,  6.23,  and  5.86  pounds,  respectively, 
Comparing  the  results  obtained  from  Lignite  with  these — taking  the 
evaporative  powers  of  lignite  at  L2  pounds,  which  is  conservative — 
the  lignite  appears  to  be  worth  75  per  cent  of  the  Iowa  coal  and  TO  per 
cent  of  the  Missouri. 

METHODS    OF    BURN]  \o. 

Automatic  stokers.— In  plants  where  considerable  quantities  of 
lignite  are  used  automatic  stokers  with  forced  drafts  give  most  sat- 
isfactory results.  At  the  Fargo-Edison  electric  plant  at  Fargo  stok- 
ers which  burn  the  refuse  from  the  Washburn  mine,  which  consists 
of  the  cuttings  of  the  mining  machines  and  the  line  coal  incidental 
to  blasting,  are  in  successful  operatio  and  demonstrate  clearly  the 
ability  of  lignite  to  compete  with  eastern  coal  in  the  Red  River  Val- 
ley. The  lignite,  varying  in  size  from  dust  to  fragments  of  half  a 
pound  weight,  is  shoveled  into  hoppers  and  \'n\  into  the  furnace  by 
a  screw  8  or  (.>  inches  in  diameter.  I  he  flanges  being  6  inches  apart. 
Forced  draft  is  introduced  into  the  ash  pit.  The  cost  of  firing  is 
greatly  reduced  and  the  lire-  are  exceedingly  uniform.  Other  forms 
of  stokers  are  doubtless  practical. 

When  an  economic  method  of  drying  the  lignite  before  shipping 
from  the  mine  is  found  it  will  be  possible  to  save  30  per  cent  of  the 
freight.  With  automatis  stokers, the  reduction  of  the  lignite  to  frag- 
ments in  the  process  of  drying  will  be  advantageous. 

Forced  draft  and  arches. — On  account  of  the  gases,  volatile  at  a 
moderate  temperature,  that  lignite  contains,  special  devices  have 
been  introduced  in  furnaces  intended  for  its  consumption,  by  which 
these  gases  shall  be  promptly  raised  to  the  temperature  necessary 
to  secure  their  complete  combustion.  For  this  purpose  there  is  often 
built  over  the  front  of  the  fire  box  an  arch  of  lire  brick,  which, 
becoming  intensely  hot.  secures  the  combustion  of  the  gases  that  come 
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in  contact  with  it.  That  it  is  useful  for  this  purpose  there  can  be 
uo  question.  The  question  remains  as  to  whether  it  adds  to  the  effi- 
ciency of  the  coal,  since  it  shuts  off  a  portion  of  the  boiler  from  direct 
contact  with  the  fire  and  interferes  with  firing,  when  fuel  is  fed  with 
a  shovel.  To  a  certain  extent  the  bricks  themselves  conduct  heat 
to  the  boiler.  The  value  of  these  arches  is  not  fully  demonstrated 
and  the  cost  of  their  installation  is  considerable. 

Forced  draft  is  convenient  if  the  plant  is  large,  but  lignite  is  giving 
excellent  results  in  a  number  of  plants  where  natural  draft  only 
is  used.  With  forced  draft  a  short  stack  is  sufficient,  and  this  sav- 
ing over  the  construction  of  a  tall  chimney  is  often  enough  to  pay 
for  the  installation  of  the  fan.  The  forced  draft  is  introduced  into 
the  center  of  the  ash  pit  and  there  caused  to  spread  out,  so  that  it 
reaches  all  parts  of  the  grate  uniformly.  Induced  draft  is  not  rec- 
ommended for  any  purpose  in  connection  with  lignite,  though  a  com- 
bination of  forced  and  induced  drafts  seems  to  solve  satisfactorily 
certain  difficulties  in  burning  brick. 

Natural  draft. — Very  satisfactory  results  are  being  obtained  with 
lignite  and  natural  draft  at  the  Minot  electric-light  plant,  the  Ken- 
mare  roller  mill,  and  similar  institutions  throughout  the  State.  With 
natural  draft  a  large  boiler  and  grate  surface  are  desirable,  though 
not  absolutely  essential,  and  more  experience  in  firing  lignite  is  neces- 
sary. The  fires  should  not  be  allowed  to  fall  off,  for  if  green  lignite 
is  thrown  into  the  furnace  when  the  steam  is  falling,  it  acts  like  a 
blanket,  and  temporarily  smothers  the  fire.  Fuel  should  be  added 
when  the  fire  is  high  and  by  the  time  the  steam  gage  begins  to  drop 
the  fresh  lignite  has  been  dried  and  is  ready  to  burn.  It  is  a  good 
plan  to  fire  but  one  side  of  the  furnace  at  a  time. 

Commercial  use. — Two  large  flouring  mills,  at  Mandan  and  James- 
town, use  lignite  exclusively  for  fuel.  The  plant  of  the  Russell-Miller 
Milling  Company,  at  Jamestown,  a  500-barrel  mill,  uses  a  single 
boiler,  72  inches  by  16  feet,  with  seventy-two  4-inch  flues.  Shaking 
grates,  giving  an  area  of  36  square  feet  with  ^-inch  air  spaces,  are 
used.  Forced  draft  secured  by  a  fan  is  employed,  and  170  horse- 
power is  maintained  for  twelve  hours  with  the  use  of  7,600  pounds  of 
Washburn  lignite.  The  engine  is  a  Corliss  compound  condensing, 
rated  at  only  165  horsepower.  A  careful  test  has  shown  that  3.73 
pounds  of  Wilton  lignite  will  maintain  1  horsepower  per  hour.  With 
lignite  at  $2.45  at  the  mill,  the  cost  of  fuel  per  barrel  of  flour  is  4.5 
cents. 

The  Hebron  roller  mill  burns  4  tons  of  lignite  in  twenty-four  hours, 
with  an  output  of  100  barrels  of  flour,  besides  custom  work.     Natural 
draft  and  ordinary  grates  are  used. 
ikr  117—05  ai: 4 
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The  Kenmare  roller  mill,  using  a  boiler  66  inches  in  diameter  and 
16  feet  long,  and  grate  with  f-inch  openings,  uses  161  pounds  of  slack 
lignite  per  hour  to  generate  40  horsepower,  the  steam  pressure  being 
65  pounds. 

The  Washburn  roller  mill  maintains  30  horsepower  for  twelve 
hours  with  H  tons  of  lignite.  The  boiler  is  12  feet  by  36  inches,  and 
the  engine  small  and  crowded. 

The  New  Salem  Roller  Mill  Company  is  operating  a  125-barrel 
mill  to  its  full  capacity.  The  boiler  is  14  feet  by  52  inches,  and  the 
engine  is  rated  at  75  horsepower.  Forced  draft  is  employed.  In 
twelve  hours  3,700  pounds  of  lignite  are  burned. 

The  electric  plant  at  Dickinson  burns  lignite  under  a  boiler  72 
inches  in  diameter  and  17  feet  long,  using  ordinary  grates  and  forced 
draft,  the  fan  being  driven  by  a  2-horsepower  motor. 

The  Minot  Electric  Light  Company  employs  2  boilers  16  feet  long 
and  54  inches  in  diameter.  Fifty  horsepower  is  maintained  for  ten 
hours  with  2  tons  of  green  lignite.  Natural  draft  is  used,  and  the 
engineer  does  the  firing  also. 

tumping  water  with  tjgxite. 

By  Charles  S.  Magowan. 

The  computations  on  page  26  indicate  the  amount  of  lignite  that 
will  be  required  to  raise  water  to  the  level  of  the  various  flats  found 
on  the  streams  in  western  North  Dakota. 

DUTY  OF  WATER. 

The  first  question  that  presents  itself  is  that  of  the  duty  of  water. 
In  the  absence  of  definite  data  on  this  point  from  North  Dakota  it 
is  necessary  to  rely  on  the  results  of  irrigators  who  have  worked 
under  somewhat  similar  conditions.  Wilson  a  records  that  in  Mon- 
tana a  second-foot  serves  about  80  acres,  and  that  from  15  to  18 
inches  in  depth  during  an  irrigating  season  is  believed  to  be  sufficient. 
Mr.  Wilson  makes  the  general  statement  that  1,000  gallons  per  minute 
will  irrigate  from  5  to  10  acres  per  day.  and  in  the  course  of  a  season 
about  100  acres.  If  water  is  supplied  to  a  10-acre  tract  at  the  rate 
of  1,000  gallons  per  minute  for  twenty-four  hours,  the  depth  of  the 
water  over  the  Avhole  tract  will  be  5.58  inches.  If  water  to  this 
depth  applied  five  times  during  the  irrigating  season  is  sufficient,  a 
plant  of  this  capactiy  should  care  for  200  acres.  This  statement  is 
made  because  it  is  desired  to  use  1,000  gallons  per  minute  and  multi- 
ples thereof  in  discussing  pump  efficiencies. 

a  Manual  of  Irrigation  and  Engineering,  1903,  pp.  55,  50. 
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CENTRIFUGAL  PUMPS. 

Centrifugal  pumps  only  are  discussed,  since  it  is  believed  that  in 
view  of  recent  improvements  that  have  been  made  in  their  construc- 
tion no  other  pump  can  so  economically  handle  large  quantities  of 
water  under  the  given  conditions,  even  for  the  higher  lifts.  The  dis- 
cussion is  based  on  belt-driven  centrifugal  pumps,  though  some  ref- 
erence will  be  made  to  steam  centrifugal  pumping  engines — that  is, 
to  machines  where  engine  and  pump  are  directly  connected,  being 
built  on  the  same  base. 

The  fuel  that  will  be  used  in  the  locality  under  consideration  is 
lignite  that  in  service  tests  has  been  proved  to  have  an  evaporative 
power  of  4.2  pounds  of  water  from  and  at  212°  F.  per  pound  of  fuel. 
This  value  will  be  used  in  the  computations. 

It  is  contemplated  that  engines  will  be  used  which  will  deliver  at 
least  1  horsepower  for  every  35  pounds  of  steam  furnished.  This 
is  a  low-engine  efficiency,  and  should  be  realized  even  under  extremely 
adverse  circumstances.  By  using  engines  of  higher  grade — and 
these  should  be  employed  with  the  larger  pumps,  where  compound, 
condensing,  triple-expansion,  or  even  quadruple-expansion  engines 
might  be  economically  used — the  efficiency  would  be  more  than 
doubled,  the  fuel  consumption  being  correspondingly  reduced. 

EFFICIENCY    OF    PUMPS. 

The  accompanying  table  shows  the  capacities  and  efficiencies  of 
centrifugal  pumps  of  several  sizes,  all  belt  driven,  together  with  the 
amounts  of  lignite  that  will  probably  be  required  to  lift  the  water 
to  various  heights. 

The  per  cent  of  pump  efficiency  noted  in  the  table  is  obtained  by 
comparing  the  amount  of  work  realized  with  the  amount  of  power 
applied  to  the  shaft  of  the  pump,  and  it  is  well  to  note  that  the  effi- 
ciency increases  as  the  capacity  of  the  pump  increases,  thus  favoring 
the  installation  of  large  plants. 

The  prices  quoted  are  those  furnished  by  manufacturers'  agents, 
and  are  usually  f.  o.  b.  at  Chicago  or  an  eastern  factory.  A  consid- 
erable range  in  price  is  noted,  the  difference  being  due  to  differences 
in  weight,  construction,  and  finish. 

A  new  form  of  centrifugal  pump  known  as  the  "Volute"  is  being 
placed  upon  the  market  at  the  present  time,  for  which  claims  of 
increased  efficiency  are  made,  the  claim  being  based  on  the  increased 
care  in  the  manufacture  of  the  wheel  and  especially  in  the  fitting  of 
the  runner,  thus  lessening  the  loss  from  "slip"  otherwise  sustained. 
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Capacities,  efficiencies,  and  cost  of  centrifugal  pumps,  and  amounts  of  ligniti 
required  to  lift  water  to  specified  heights. 


Num- 
ber of 
pump 
(diam- 
eter in 
inches 
of  dis- 
charge 
open- 
ing). 

Capac- 
ity in 

gallons 
per 
min- 
ute. 

Horsepower   delivered  to 
shaft  of  pump  necessary  to 
effect  economical  discharge 
at  elevations  of— 

Effici- 
ency 
of 

pump 
(per 

cent). 

Tons  a  of  lignite  required  to 
furnish  power  to  operate 
engine  and  pump  24  hours 
when  lifting  the  econom- 
ical discharge  to  an  eleva- 
tion of— 

Price 
of  pumps 
i approx- 
imate) 
f.  ...  b. 

20  feet. 

40  feet. 

60  feet. 

80  feet, 

20  feet. 

40  feet. 

60  feet. 

80  feet. 

6 

1,050 

11.8 

23. 6 

35.  4 

47.2 

45 

1.2 

2.4 

3.5 

1.7 

$120  $280 

8 

2,000 

22.0 

44.0 

66.0 

88.0 

46 

2.2 

4.4 

6.6 

8.8 

L90    300 

10 

3,000 

32. 0 

64.0 

96.0 

128.0 

47 

3. 2 

6.4 

9.  ti 

12.8 

210    570 

15 

7,000 

70.0 

140.0 

210.0 

280.0 

51 

7.0 

14.0 

21.0 

28.0 

400-  840 

18 

10,000 

100.0 

200.0 

300.0 

400.0 

52 

10.0 

20.0 

30.0 

lii.d 

700    900 

20 

12,  OCX) 

120.0 

240.0 

360.0 

4S0. 0 

53 

12.0 

24.0 

30.0 

18.0 

900 

24 

15,000 

130.0 

260.0 

390.0 

520.0 

58 

13.0 

26.0 

30.0 

52.0 

&1.700 

36 

32,000 

260.0 

520.0 

780  0 

l.Dlii.ii 

62 

26.0 

52  0 

78.0 

104.0 

"Price  of  coal  in  this  region  varies  from  50  cents  to  $2  per  ton. 
b  Volute. 

With  the  assumptions  made  above  the  computations  for  the  fuel 
consumption  become  so  simple  that  the  tabulation  of  them  seems 
almost  unnecessary.  For  example,  consider  a  No.  15  pump  deliver- 
ing 7,000  gallons  of  water  per  minute  against  a  head  of  60  feet.  From 
the  table  the  number  of  horsepower  required  is  210,  this  multiplied 
by  35,  the  steam  consumption  per  horsepower  per  hour,  and  this  by 
24,  the  number  of  hours  considered,  and  the  product  divided  by  4.2 
times  2,000,  the  result  is  the  number  of  tons  of  lisrnite  consumed.     In 


:$5  X  24 


the  above  case  the  computation  is  as  follows:    210  X   ,  •>  V^THY) 


=  210 


X  j-Q  =  21.0.      Thus,  in  any  case,  the  number  of  tons  of  lignite  that 

must  be  supplied  to  the  furnace  equals  one-tenth  of  the  number  of 
horsepower  that  i>  required  to  operate  the  pump. 

It  will  be  noted  that  the  sizes  considered  are  those  that  give  capaci- 
ties of  about  1,000  gallons  per  minute  or  multiples  thereof.  It  is  also 
well  to  note  that  the  capacity  of  any  of  these  pumps  can  be  very  ma- 
terially increased  by  slightly  increasing  the  number  of  revolutions, 
but  the  efficiency  will  thereby  be  diminished. 

Engines  for  operating  centrifugal  pumps  must  be  capable  of  run- 
ning at  high  speed,  especially  if  the  pump  i>  operated  against  a  high 
head.  For  example,  a  No.  6  pump  operating  against  an  80-foot  head 
must  make  857  revolutions  per  minute:  a  No.  -24  pump  operating 
against  a  20-foot  head  must  make  190  revolutions  per  minute,  and 
the  engine,  if  directly  connected,  must  work  at  the  same  rate.  Build- 
ers of  centrifugal  pumps  also  build  engines  to  meet  these  requirements 
and  connect  them  directly  to  the  pumps,  especially  for  the  lower  lifts. 
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A  No.  6  centrifugal  pump  capable  of  working  against  a  30- foot 
head  can  be  bought  for  $520  or  less,  while  a  No.  8  pump  that  will 
work  against  the  same  head  will  cost  $690.  One  firm  quotes  a  price  of 
$500  on  a  30-horse-power,  automatic,  high-speed  engine,  and  $1,675 
on  a  200-horsepower  engine.  These  prices  are  for  engines  only.  The 
companies  will  furnish  on  request  prices  on  the  larger  sizes  of  steam 
centrifugal  pumps. 

Some  large  plants  of  this  kind  have  been  installed  and  are  reported 
as  working  successfully.  At  Albany,  N.  Y.5  two  18-inch  pumps  op- 
erated b}^  direct-connected,  vertical,  cross-compound  engines  lift  10,000 
gallons  each  per  minute,  with  a  reported  efficiency  of  pump  and 
engine  of  66.3  per  cent,  and  with  a  net  efficiency  of  the  pump,  alone 
of  77  per  cent,  the  lift  being  21  feet. 

RIVER  FLATS  AND  LIGNITE. 

MISSOURI  RIVER. 
YELLOWSTONE  FLATS. 

Area  and  soil. — On  entering  North  Dakota  the  course  of  the  Yel- 
lowstone is  toward  the  northwest,  then  north,  and  just  before  uniting 
with  the  Missouri  somewhat  south  of  west,  its  total  course  in  the  State 
amounting  to  about  15  miles.  For  this  distance  it  keeps  close  to  the 
bluffs  at  the  right  bank  of  the  valley,  leaving  broad  benches  un- 
broken by  meanders  on  the  left.  Above  the  flood  plain,  which  is 
covered  with  a  dense  growth  of  willows,  is  a  wooded  bench  from  10 
to  15  feet  above  high  water,  where  large  cottonwoocls  flourish.  Its 
extent  may  equal  4,000  or  5,000  acres.  Ten  feet  above  this  and  20 
feet  above  the  river  at  high  water  is  the  edge  of  a  beautiful  and 
extensive  grassed  terrace,  which  rises  gradually  for  2  miles  to  the 
foot  of  the  bluffs,  and  which  has  an  area  of  about  15,000  acres, 
below  a  contour  line  drawn  80  feet  above  the  river.  It  is  not  cut  up 
bv  ravines  or  gullies  and  a  trench  can  be  carried  alon^  the  80-foot  con- 
tour  with  but  few  flumes.  With  such  an  initial  head,  water  can  be 
taken  to  almost  any  point  on  the  flat. 

The  soil  is  a  good  loam  and  the  upper  terrace  is  already  well 
grassed,  though  at  present  it  yields  hay  regularly  only  where  natu- 
rally irrigated  by  water  that  comes  down  in  Fourmile  and  Eightmile 
creeks  and  other  coulees  and  spreads  out  over  its  surface.  Much  of 
the  woodland  lies  high  enough  above  the  river  to  be  free  from  ordi- 
nary river  floods,  and  is  inundated  only  at  rare  intervals  by  the  gorg- 
ing of  the  ice.  In  all,  at  least  15,000  acres  on  the  left  bank  of  the 
Yellowstone  in  North  Dakota  may  be  regarded  as  suitable  for  irriga- 
tion if  water  from  the  river  can  be  raised  80  feet. 


28  LIGNITE    OF    NOKTH    DAKOTA.  [no.  117. 

The  area  in  North  Dakota  is  but  part  of  flats  that  extend  into 
Montana  as  far  as  Terry.  The  fall  of  the  Yellowstone  is  but  2.7  feet 
per  mile,  and  a  slope  of  1  foot  per  mile  would  probably  be  needed  in 
a  lateral  ditch.  A  very  long  lateral  would  be  necessary  to  take  water 
from  the  Yellowstone  and  cover  the  flats  if  gravity  alone  is  relied  on. 

Lignite. — Heavy  beds  of  lignite  occur  near  Sidney,  Mont.,  on  the 
Yellowstone  Kiver,  15  miles  west  of  the  North  Dakota  line.  On  (ho 
creeks  which  empty  into  the  Yellowstone  from  the  south,  and  notably 
on  Charbonneau  Creek,  heavy  beds  of  lignite  are  said  to  outcrop. 

BUF0RD-TRENT0N  FLAT. 

Area  and  soil. — Extending  along  the  north  side  of  the  Missouri 
from  the  State  line  to  the  eastern  edge  of  old  Fort  Buford  Reserva- 
tion, a  distance  of  1C>  miles,  is  an  extensive  ilat  which  needs  only 
water  to  become  highly  productive.  At  Trenton  station,  in  the  mid- 
dle of  this  tract,  the  river  swing-  in  abruptly  till  it  is  close  to  the 
bluff,  narrowing  the  flat  for  one-half  mile.  Enough  remains,  how- 
ever, to  provide  space  for  a  waterway  or  a  pumping  plant,  so  that  if 
water  were  available  and  irrigation  seemed  desirable  the  level  bench 
both  east  and  west  of  Trenton  could  be  irrigated  from  a  single 
station. 

The  flat  includes  about  12,000  acres,  divided  between  an  upper 
grassed  terrace  and  a  lower  wooded  bench,  the  former  having  about 
twice  the  area  of  the  latter.  The  wooded  bench  i-  from  20  to  25  feet 
above  ordinary  high  water  and  is  said  to  have  been  flooded  but  twice 
in  twenty-eight  years,  the  Lasl  time  in  the  spring  of  L891.  In  places 
it  is  being  cleared  and  cultivated.  Although  some  portions  are  sandy, 
it  has  for  the  mist  part  a  good  soil.  The  second  or  grassed  terrace 
rises  gradually  from  the  edge  of  the  wooded  terrace,  where  it  is  about 
30  feet  above  high  water,  to  the  bluffs,  at  the  base  of  which  it  is  80 
feet  above  the  river.  It  ha-  a  strong  gumbo  soil  which  grows  blue- 
joint  or  wheat  grass,  cactus,  and  -age  when  unirrigated.  while  with 
irrigation  it  produces  both  grass  and  grain  abundantly,  yielding  2J 
tons  of  excellent  hay  to  the  acre.  The  Great  Northern  Railway 
crosses  it,  running  at  the  foot  of  the  bluffs,  giving  ready  access  to 
market  for  produce  raised  on  it. 

The  efforts  now  being  made  by  Mr.  Edwin  Jack  and  others  to 
irrigate  parts  of  this  area  are  described  on  page-  50  and  51.  It  will 
be  possible  to  irrigate  a  part  of  it  as  they  are  doing  by  building  reser- 
voirs and  diversion  dams  in  the  draws  that  cut  the  bluffs  behind  the 
flat,  but  for  a  large  part  of  it  the  economy  of  this  method  may  fairly 
be  doubted.  For  the  area  as  a  whole  it  will  be  advisable  to  consider 
the  possibility  of  raising  water  from  Missouri  River. 
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Lignite. — Only  limited  quantities  of  lignite  are  known  in  the 
bluffs  just  back  of  this  tract,  though  large  beds  may  sometime  be 
discovered.  Two  miles  from  Buford,  in  sec.  31,  T.  153,  R.  103,  a 
4-foot  bed  of  good  lignite  is  mined  to  some  extent  by  stripping. 
About  75  tons  were  taken  out  in  the  winter  of  1902. 

On  Eightmile  Creek,  above  Jack's  ranch,  a  3^-foot  seam  furnishes 
some  lignite,  while  fuel  from  Buford  is  in  part  brought  from  the 
Yellowstone  and  in  part  from  the  seams  in  Glass  Bluffs,  across  the 
river.  If  a  pumping  station  were  established  at  Trenton,  where  the 
river  cuts  back  nearly  to  the  bluffs  and  divides  the  tract  into  two 
parts,  it  might  be  practicable  to  ship  coal  from  the  mines  already 
opened  near  Williston,  a  distance  of  only  25  miles.  In  this  case 
good  lignite,  f.  o.  b.  at  Trenton,  will  cost  $2.50  per  ton.  The  lift  at 
this  point,  to  cover  the  entire  tract  of  12,000  acres,  will  be  about  70 
feet,  though  a  large  part  of  it  could  be  watered  with  a  lift  consid- 
erably less. 

MUDDY  AND  MISSOURI  RIVER  FLATS  AT  WILLISTON. 

Area  and  soil. — The  Muddy  is  the  main  tributary  of  the  Missouri 
from  the  east  and  north  in  North  Dakota.  Its  drainage  area  in- 
cludes nearly  one-half  of  Williams  County,  or  700  square  miles.  In 
addition  to  a  water  supply  from  direct  rainfall,  it  is  fed  by  a  number 
of  perennial  springs.  On  June  27,  1903,  it  had  a  flow  of  18  second- 
feet,  an  amount  said  to  be  normal  for  that  season  of  the  year.  Its 
valley  is  broad  and,  in  the  main,  fertile.  The  bottom  lands  are 
often  a  mile  wide,  while  a  strip  half  a  mile  wide  fit  for  irrigation 
may  be  counted  on  for  20  miles  or  more  from  its  mouth.  There  may 
be  10,000  acres  along  the  stream  that  could  be  irrigated  if  water  can 
be  found  for  so  large  an  area.  Along  its  tributaries  there  is  much 
land  not  included  in  the  above  estimate,  portions  of  which  are  already 
irrigated,  mainly  by  diversion  dams  for  spring  flooding. 

To  be  taken  with  the  Muddy  River  flats  are  3,000  or  4,000  acres 
on  the  Missouri  between  Williston  and  the  mouth  of  the  Muddy. 
It  is  probable  that  the  amount  of  water  that  the  Muddy  annually 
contributes  to  the  Missouri  is  more  than  adequate  to  water  the  15,000 
acres  that  lie  near  it,  but  it  has  not  been  demonstrated  that  a  large 
reservoir  can  be  economically  located  on  the  stream.  Its  valley  for 
15  miles  is  broad  and  seems  to  offer  no  point  where  a  short  wall  can 
retain  a  considerable  amount  of  water.  If  a  dam  were  erected  above 
this  point,  the  water  from  some  of  the  principal  tributaries  which 
empty  below  would  be  lost.  The  Fred  Rounsaville  dam,  which  was 
intended  for  a  diversion  dam  rather  than  for  a  reservoir,  is  described 
on  page  51. 
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Lignite.— There  is  an  abundance  of  lignite  on  the  Muddy  and  its 
tributaries,  and  along  the  Missouri  below  Williston. 

The  following  banks  have  been  opened  up  for  local  use  about 
Williston,  and  on  the  creeks  to  the  north : 

The  Mackersie  bank  on  Sandy  Creek,  in  sec.  6,  T.  154,  R.  101. 

The  Holland  bank  near  Muddy  River,  6  miles  north  of  Williston, 
where  a  heavy  bed  of  lignite  is  exposed. 

The  Lovejoy  mine  on  Stony  Creek,  where  a  considerable  bed  out- 
crops near  the  Great  Northern  Railway. 

The  mine  of  the  Pioneer  Coal  Company,  which  is  more  extensively 
developed  than  any  of  these,  and  is  shipping  lignite  in  considerable 
quantities.  It  is  located  on  the  railroad,  which  here  follows  the 
valley  of  Stony  Creek,  in  sec.  2G,  T.  15,  R.  100.  The  bed  mined  is 
6  feet  thick. 

The  Miller  mine,  located  4  miles  east  of  Williston  on  Cedar  Coulee, 
a  tributary  of  the  Missouri.  A  12-foot  bed  here  outcrops  and  will 
furnish  a  vast  amount  of  excellent  coal. 

A  number  of  lignite  outcrops  A  to  6  feet  thick,  which  occur  along 
Cow  Creek,  a  tributary  of  the  Muddy,  and  are  mined  to  some  extent 
for  local  use. 

The  old  Dahl  mine,  3  miles  southeast  of  Williston,  located  on  a 
4-foot  outcrop  in  the  Missouri  River  bluffs  on  the  left  bank  of  the 
river. 

Eight  lignite  beds,  the  heaviest  being  1  feet  thick,  which  outcrop 
in  a  single  vertical  section  a  mile  farther  down  the  river  on  the  right 
bank. 

NESS0N-H0FFLUND    FLATS. 

The  post-offices  of  Nesson  and  Hofflund  are  situated  on  Missouri 
River  about  30  miles  east  of  Williston  and  1  \  miles  south  of  the  Great 
Northern  Railway,  the  nearest  -tat ion  being  the  town  of  Ray;  Hoff- 
lund is  6  miles  east  of  Nesson.  In  this  vicinity  the  Missouri  receives 
a  number  of  tributaries:  Tobacco  Garden  and  Clark  creeks  unite  with 
it  from  the  south,  and  Tobacco  and  Beaver  creeks  and  White  Earth 
River  from  the  north. 

Area  and  soil. — Two  extensive  flats  or  terraces  are  developed  here, 
one  from  20  to  40  feet  above  high  water,  extending  about  f>  miles 
along  the  river  from  Nesson  to  Hofflund,  and  the  other  from  80  to 
100  feet  high,  located  back  of  Nesson.  The  upper  flat  includes  7,500 
acres  held  by  more  than  30  homesteaders  and  settlers;  the  lower 
includes  about  6,000  acres.  The  soil  of  the  upper,  excepting  a  narrow 
gravelly  strip  along  the  lower  edge,  is  composed  of  sandy  loam  with 
clay  subsoil ;  that  of  the  lower  is  of  1  to  4  feet  of  fertile  sandy  loam, 
with  sand  for  a  subsoil.  Only  a  portion  of  the  lower  flat  is  wooded, 
the  woodland  at  this  point  being  confined  principally  to  the  flood 
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plain,  which  is  not  here  considered  a  part  of  the  lower  terrace.  A 
portion  of  this  terrace  is  being  carried  away  by  inroads  of  the  river, 
but  the  loss  due  to  this  cause  is  not  serious  enough  to  interfere  with 
any  scheme  for  the  development  of  the  flat  as  a  whole.  The  slope  of 
the  surface  of  both  terraces  is  favorable  to  irrigation. 

For  many  reasons  the  region  invites  study  with  reference  to  the 
possibility  of  irrigation.  The  area,  especially  when  both  terraces  are 
taken  together,  is  considerable,  the  soil  is  inviting,  and  the  distance 
from  a  railroad  shipping  point  in  only  14  miles.  Heavy  seams  of 
lignite  of  good  quality  outcrop  in  the  immediate  vicinity,  and  a 
pumping  station  that  would  furnish  water  for  the  lower  flat  (6,000 
acres)  may,  it  is  thought,  be  placed  close  to  one  of  these  outcrops,  and 
the  expense  of  hauling  fuel  may  thus  be  greatly  reduced  or  wholly 
obviated. 

Water  supply. — On  account  of  the  lift  it  will  hardly  be  practicable 
to  irrigate  the  upper  flat  with  water  drawn  from  the  river,  but 
Tobacco,  Nelson,  and  Beaver  creeks  may  be  considered  as  possible 
sources  of  supply. 

Tobacco  Creek,  which  unites  with  the  Missouri  at  Nesson  post- 
office,  has  a  drainage  area  of  20  square  miles,  and  is  fed  by  strong 
springs.  Cusack  Springs,  at  the  source  of  its  west  fork,  in  sec.  12, 
T.  154,  R.  98,  are  perennial  and  flow  3  second-feet  even  in  midsummer. 
Deer  Coulee  heads  at  a  spring  about  as  strong  as  the  Cusack  and 
unites  with  Tobacco  Creek  a  few  miles  above  Nesson.  During  the 
summer  the  creek  suffers  some  loss  of  volume  because  of  the  porous 
nature  of  the  stream  bed  at  some  points.  On  July  4,  1903,  it  had  a 
How  of  5  second-feet  at  its  mouth,  an  amount  somewhat  less  than  that 
of  its  spring  sources. 

At  least  two  suitable  reservoir  sites  seem  to  exist  on  Tobacco  Creek, 
one  occurring  a  mile  back  of  the  upper  Nesson  flat,  where  the  creek 
emerges  from  the  bluffs.  Another  site  with  apparently  a  larger 
capacity  occurs  5  miles  farther  up  the  creek.  However,  the  ability 
of  the  creek  to  furnish  water  enough  to  fill  extensive  reservoirs  has 
not  been  demonstrated.  Nelson  Creek,  which  drains  40  square  miles, 
could  also  be  used,  as  it  is  now  used  in  a  measure,  in  irrigating  the 
upper  flat.  It  is  spring  fed,  though  the  springs  are  weak,  and  most 
of  its  available  water  is  due  to  the  melting  of  snow.  In  another 
chapter  the  tracts  at  present  irrigated  in  this  vicinity  will  be  noted. 

Beaver  Creek  drains  120  square  miles  in  the  southeastern  part  of 
Williams  County.  On  reaching  the  Missouri  River  flats  it  turns  to 
the  east  and  its  bed  gradually  becomes  ill  defined,  and  at  last  its 
water  is  spread  over  the  nearly  level  surface.  Six  miles  above  its 
mouth,  on  July  8,  the  flow  was  18  second-feet,  which  was  con- 
siderably more  than  the  flow  nearer  the  mouth.  In  the  spring  of  an 
ordinary  year  the  discharge  is  considerable.  The  descent  of  the 
irr  117—05  m 5 
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stream  is  rapid,  and  it  seems  possible  to  utilize  the  water,  if  it  can  be 
properly  stored,  to  irrigate  at  least  a  part  of  the  upper  terrace. 

The  water  from  these  three  creeks  seems  sufficient  to  irrigate  the 
7,500  acres  on  the  upper  flat,  which,  on  account  of  their  elevation  of 
from  80  to  100  feet,  may  not  profit  by  any  scheme  to  utilize  the  water 
of  the  Missouri. 

On  these  creeks  bowlders  are  fairly  abundant.  Aside  from  these, 
and  beds  of  soft  sandstone,  no  other  stone  occurs  in  the  vicinity  that 
could  be  used  in  reservoir  construction. 

Lignite. — For  the  lower  flat,  which  includes  6,000  acres,  pumping 
from  the  Missouri  may  be  practical,  for  fuel  is  abundant,  as  shown 
by  the  following  list  of  lignite  outcrops  that  occur  in  this  region.  At 
Spanish  Point,  on  the  opposite  side  of  the  river  and  4  miles  farther 
up,  four  heavy  beds  outcrop  in  the  bluffs.  The  aneroid  gave  the 
following  elevations  for  the  beds  : 

Relative  altitudes  <>f  lignite  beds  near  Nesson-Hofflnnd  flats. 

Feet. 

Top  of  bluff 2,850 

Lignite,  3  feet,  at 2,730 

Lignite,  G  feet,  good,  at 2,690 

Lignite,  15  feet  good,  at 2,500 

Lignite,  8  feet,  good,  at - 2,450 

High  water  of  river,  about 2,400 

The  elevations  show  merely  the  relative  positions  of  the  beds  and 
may  vary  considerably  from  the  absolute  elevations.  The  bluff  is 
one  of  the  highest  in  the  State. 

On  Deer  Coulee,  a  tributary  of  Beaver  Creek,  at  the  Marmon  ranch, 
4  miles  from  Xesson,  a  10-foot  seam  of  good  lignite  Outcrops,  from 
which  a  strong  spring  issues.  A  seam  of  similar  thickness  is  reported 
at  a  Dumber  of  points  at  about  the  same  elevation  as  this  outcrop,  and 
the  bed  ma}'  be  regarded  as  rather  extensive. 

Along  Tobacco  Creek  two  seams,  6  and  8  feet  thick,  outcrop  at  a 
number  of  points,  both  seams  often  being  exposed  in  the  same  vertical 
section.     They  can  furnish  large  quantities  of  good  lignite. 

On  Beaver  Creek  a  4-foot  bed  outcrops  frequently  and  is  used 
locally.  Three  miles  above  Hofflund  a  10-foot  bed  is  mined  somewhat 
more  extensively.  An  entry  has  been  carried  in  80  feet;  this  lies  so 
low  that  in  high  water  it  is  partly  filled  from  the  creek. 

In  the  bluffs  across  the  Missouri  Mr.  H.  A.  Carey  takes  coal  from  a 
6- foot  seam. 

Lauchland's  bank,  located  close  to  the  west  end  of  the  lower  flat, 
is  said  to  show  a  good  bed  of  lignite  about  8  feet  thick. 

At  Stony  Point,  on  the  right  bank  of  the  river  between  Xesson  and 
Hofflund,  two  beds  of  good  lignite,  each  3  feet  thick,  were  seen,  and 
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a  heavier  bed  is  said  to  outcrop  at  this  point.     PL  II  illustrates  the 
two  flats  and  gives  the  location  of  some  of  the  lignite  outcrops. 

FORT  BERTHOLD  AGENCY  FLATS. 

Area  and  soil. — The  flats  about  the  present  agency  on  the  Fort 
Berthold  Reservation,  which  are  low  enough  to  justify  study  with 
reference  to  irrigation  by  pumping  from  the  Missouri,  include4  5,000 
acres.  Of  this  perhaps  1,200  acres,  which  were  formerly  woodland 
and  have  been  recently  burned  over,  are  now  practically  clear,  while 
800  acres  are  still  covered  with  large  trees.  This  woodland  area  is 
but  20  feet  above  high  water,  has  a  sandy  loam  soil,  and  is  very 
rarely  covered  b}^  water  during  ice  gorges.  Twenty  feet  above  this 
lies  a  well-grassed  flat  of  1,200  acres,  and  still  higher,  perhaps  80 
feet  above  the  river,  is  a  terrace  containing  about  2,000  acres. 

Lignite. — Lignite  outcrops  frequently  in  the  vicinity.  Just  across 
the  river,  at  high-water  level,  a  bed  of  3J  feet  of  lignite  was  exposed ; 
the  whole  bed  Avas  reported  by  the  superintendent  of  the  agency  to 
be  10  feet  thick.  It  has  supplied  coal  for  the  agency  during  the  win- 
ter when  the  river  has  been  low  and  crossing  on  the  ice  possible. 

In  the  bluffs  3|  miles  below  the  agency  and  on  the  same  side  of  the 
river  a  9-foot  bed  wTith  1  foot  of  clay  in  the  middle  outcrops  50  feet 
above  the  Ioav  river  flat.  A  half  mile  farther  south  the  following 
section  is  exposed : 

Section  near  Fort  Berthold  Agency,  N.  Dak. 

Feet. 

Lignite,  0  inches  of  clay  in  the  middle G 

Clay 20 

Lignite    2 

Clay 5 

Lignite   2 

Clay 50 

Slope  to  low  river  flat 20 

All  of  the  lignite  in  this  section  seems  to  be  good. 

Seven  miles  below  Fort  Berthold  Agency  Mr.  W.  C.  Dean  reports 
a  12 -foot  bed  of  lignite,  from  which  he  hauls  coal  to  the  agency. 

Lignite  in  beds  of  workable  thickness  outcrops  in  the  bluffs  back 
of  Elbowoods  at  a  number  of  points.  The  flats  with  lignite  in  the 
vicinity  are  shown  on  PI.  III. 

OLD  FORT  BERTHOLD  AGENCY  FLAT. 

This  flat,  which  is  about  12  miles  below  the  present  agency,  con- 
tains about  4,000  acres,  which  are  well  grassed.  Its  elevation  is 
from  20  to  80  feet  above  Missouri  River,  which  bounds  it  on  the 
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south.  In  the  bluffs  just  east  of  the  flat  a  5-foot  bed  of  good  lignite 
is  exposed  about  50  feet  above  the  river.  On  the  opposite  side  of  the 
river  a  5-foot  bed  is  mined  by  stripping.  A  4-foot  ar.cl  a  3-foot  seam 
outcrop  in  the  bluffs  a  mile  south  of  this  mine. 

FORT  STEVENSON  FLATS. 

These  beautiful  flats,  which  include  about  7,000  acres,  lie  on 
the  north  side  of  the  river,  a  few  miles  northeast  of  Coalharbor 
(PL  IV,  A).     Their  elevation  is  from  30  to  70  feet  above  the  Mis- 
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Fig.  2. — Map  of  flats  about  old  Fort  Berthold  Agency,  N.  Dak. 

souri.  The  slope  from  the  bluffs  to  the  river  is  gradual  and  uniform. 
Coal  occurs  abundantly  in  the  bluffs  just  back  of  the  flats.  For  many 
years  lignite  was  mined  here  for  use  at  the  fort  and  the  Indian  school 
formerly  located  here.  The  exact  location  of  the  mine  was  SW.  J 
sec.  35,  T.  148,  R.  85.  A  seam  said  to  be  14  feet  thick  was  mined  by 
stripping.  On  the  opposite  side  of  the  river  seams  3  to  4  feet  thick 
are  nearly  continuous  in  outcrop  for  10  miles. 

APPLE  RIVER  FLATS. 

Just  south  of  Bismarck  are  extensive  triangular  flats,  which  lie 
between  Missouri  River  on  the  west,  Apple  River  on  the  east,  and  the 
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A.     A  5-FOOT   LIGNITE   BED   ON   THE   MISSOURI    ABOVE  COALHARBOR. 


B.     SAGEBRUSH    FLATS   ON    THE    LITTLE    MISSOURI 
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bluffs  back  of  Bismarck  on  the  north.  They  have  an  area  of  about 
5,000  acres,  2,000  acres  being  only  from  20  to  30  feet  above  the  river 
and  partly  wooded,  while  the  rest  are  from  80  to  100  feet  above  river 
level.  No  coal  outcrops  in  the  immediate  vicinity,  but  the  expense 
involved  in  bringing  lignite  from  the  thick  beds  outcropping  directly 
on  the  river  60  miles  above,  at  Mannhaven  and  Coalharbor,  should 
not  be  great.  It  may  be  more  practical  to  control  the  water  of  Apple 
River  and  use  it  for  irrigation  purposes,  for  the  stream  drains  a  con- 
siderable area  and  could  doubtless  furnish  all  the  water  needed  if  it 
could  be  properly  stored. 

On  account  of  their  situation  on  the  outskirts  of  a  city  of  consid- 
erable size  and  on  the  Northern  Pacific  Railway  gardening  should 
prove  remunerative,  and  a  rather  high  cost  per  acre  to  secure  irriga- 
tion may  be  justified. 

BIG    BEND    AND    SHELL    CREEK    FLATS. 

Area  and  soil. — The  Missouri  River  receives  the  waters  of  the  Little 
Knife  just  before  entering  the  Fort  Berthold  Reservation.  Then, 
instead  of  pursuing  its  normal  course,  it  makes  a  notable  bend  like 
a  great  letter  U,  which  is  known  as  the  "  Big  Bend."  Throughout  this 
portion  of  its  course,  and  in  the  valley  of  Shell  Creek,  which  meets  it 
at  the  lower  end  of  the  U,  topographic  conditions  and  heavy  beds  of. 
lignite  invite  a  careful  study  with  reference  to  irrigation  possibili- 
ties, though  the  conclusions  that  may  be  reached  are  probably  more 
uncertain  than  in  the  flats  already  described.  The  area,  however,  is 
large,  and  as  the  land  lies  wholly  within  the  reservation  it  is  still 
completely  under  Government  control. 

The  river  at  the  "  Big  Bend  "  seems  to  have  been  diverted  from  its 
course  at  some  time  in  the  past,  perhaps  by  the  Wisconsin  ice  sheet, 
and  compelled  to  cut  a  new  channel  to  the  west.  Its  former  channel 
seems  to  connect  the  two  arms  of  the  U,  and  to  form  a  valley  2  miles 
in  width,  with  its  center,  a  third  of  a  mile  wide,  sloping  very  gently 
and  unbroken  by  gullies.  Its  position  with  reference  to  the  river  and 
Shell  Creek  is  shown  on  PL  VI.  At  the  upper  end  of  the  U  this 
old  valley  is  140  feet  above  the  river;  its  slope  is  toward  the  south, 
the  upper  half  draining  into  a  large  slough  in  its  center,  while  the 
lower  portion  contributes  its  water  to  Shell  Creek.  The  area  that 
could  be  irrigated  advantageously,  if  water  could  be  found,  is  two- 
thirds  of  a  mile  wide  and  15  miles  long  and  includes  about  7,000  acres 
of  good  soil.  In  addition  to  this,  on  the  Missouri  at  either  end  of  this 
old  valley  are  flats  which  contain  3,000  acres. 

Lignite. — At  the  point  marked  A  in  PI.  VI,  6J  feet  of  good  lignite 
outcrops  in  the  bottom  of  a  draw  about  80  feet  above  the  river  with- 
out revealing  the  bottom  of  the  seam.     One-half  mile   down  the 
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river  in  the  bluffs  at  the  point  marked  B,  the  following  section  is 

exposed : 

Section  at  Bid  Haul,  Missouri  River. 

Feel. 

Lignite   '*•  *' 

Clay    5.0 

Liguite   7. 0 

Clay    50.  0 

Water  level. 

One  hundred  yards  farther  down,  a  section  partly  covered  by  talus, 

gave: 

Section  at  Big  Betid,  Missouri  River. 

Feet. 

Lignite 4.5 

Clay ' 5.0 

Lignite 3.  0 

Clay 50.  0 

Water  level. 

The  quality  of  the  Lignite  in  all  of  these  beds  is  good. 

Just  below  Shell  Creek,  al  the  point  C  on  the  map  (PL  VI),  3| 
feet  of  good  Lignite  outcrops  in  a  cut  bank  known  as  k*  the  slide." 
This  same  seam  probably  gives  rise  to  the  spring  in  the  bluffs  2  miles 
to  the  north,  where  the  Indians  have  dug  through  2  feet  of  lignite  to 
give  freer  vent  to  the  water.  It  is  persistent  in  outcrop  for  3  miles 
to  the  south,  though  showing  hut  few  good  natural  exposures. 
Although  the  exposures  noted  indicate  a  great  abundance  of  lignite 
in  seams  from  1  to  7  or  more  feet  thick,  the  amount  of  the  lift  may 
render  pumping  from  the  Missouri  out  of  the  question.  Shell  Creek 
drains  more  than  125  square  miles,  and  its  water  may  be  available  at 
least  for  portions  of  the  area  and  for  areas  of  600  to  1.0(H)  acres  found 
along  it.^  own  valley.  The  How  of  water  in  Shell  Creek  on  July  17, 
1903,  was  about  6  second-feet. 

OTHEB    FLATS. 

Some  of  the  many  Hals  on  the  Missouri,  limited  in  extent,  but  not 
so  high  as  to  render  pumping  from  the  Missouri  out  of  the  question, 
should  be  noted  in  addition  to  the  more  extensive  tracts  already 
described.  Much  of  the  woodland  on  the  upper  edge  of  the  flood 
plain  can  doubtless  be  cultivated  after  clearing,  since  the  soil  is  gen- 
erally fertile  and  the  value  as  timber  land  small.  These  tracts  how- 
ever are  not  included  in  the  Hats  mentioned  below. 

On  the  south  side  of  the  Missouri,  at  the  edge  of  the  old  Fort 
Berthold  Reservation,  there  is  a  flat  of  1,200  acres  lying  40  feet  above 
the  river;  no  coal  appears  in  the  immediate  vicinity. 

On  Muddy  River  cut-off,  about  10  miles  below  Williston,  on  the 
north  side  of  the  river,  are  700  acres,  20  to  40  feet  above  the  river; 
lignite  6  feet  thick  shows  in  the  bluffs  a  mile  below. 


OF  THE  OLD   VALLEY   AT  THE   BIG    BEND. 
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At  Barkers  Bend  is  a  good  flat  of  600  acres;  12  feet  of  lignite 
appears  in  "  sliding  bluff  "  just  below. 

Opposite  Nesson  there  are  flats  containing  1,200  to  1,500  acres  from 
25  to  50  feet  above  the  river;  the  heavy  beds  of  lignite  in  Spanish 
Point,  already  described,  are  only  3  miles  away. 

Opposite  the  month  of  White  Earth  River  is  an  area  of  600  acres; 
there  are  three  lignite  beds,  the  thickest  4  feet  deep,  in  the  bluffs  just 
behind. 

Opposite  the  mouth  of  the  Little  Knife  are  2,000  acres  in  two  ter- 
races, one  20  the  other  40  to  80  feet  above  the  river ;  one  lignite  bed 
4  feet  thick  was  found  in  the  bluffs  behind  this  flat. 

At  the  Indian  village  of  Independence  are  1,000  acres  80  feet  above 
the  river;   lignite  outcrops  in  a  4- foot  bed  just  across  the  river. 

Five  miles  below  the  mouth  of  the  Little  Missouri,  on  the  east  side, 
is  an  area  of  500  acres  in  two  terraces;  lignite  outcrops  in  a  4^-foot 
bed  just  opposite. 

Just  below  the  Fort  Berthold  Agency,  on  the  opposite  side  of  the 
river,  is  a  long  narrow  flat  containing  2,000  acres,  15  to  25  feet  above 
the  river,  extending  to  Little  Beaver  Creek ;  4  feet  of  lignite  outcrop 
in  the  river  bluffs  at  the  latter  place. 

Just  above  the  town  of  Mannhaven  are  1,500  acres  40  to  50  feet 
above  the  river;  8  feet  of  good  lignite  outcrop  on  the  river  at  Mann- 
haven, Avith  thinner  beds,  as  shown  in  the  following  section : 

flection  near  Mannhaven,  N.  Dak. 

Feet. 

Lignite,  good 6 

Clay    2 

Lignite 1 

Clay 1 

Lignite,  good 2 

Clay 10 

Lignite,  good 8 

Sand 12 

Water  level. 

This  section  may  be  seen  for  2,000  feet  along  the  river. 

At  Hancock  are  1,500  acres  in  a  series  of  terraces  15  to  25  feet  above 
the  river;  4  feet  of  coal  outcrops  in  the  bluffs  behind,  while  across  the 
river  the  heavy  beds,  once  developed  and  known  as  the  "  Plenty  " 
mine,  outcrop.     The  beds  there  exposed  show  the  following  section  : 

Section  near  Hancock,  N.  Dak. 

Ft.  in. 

Lignite  3 

Clay  0     G 

Lignite   3 

Clay    2 

Lignite  3 
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Mr.  F.  G.  Mattoon  is  putting  in  ti  pumping  plant  to  irrigate  portions 
of  these  flats. 

Two  miles  above  Stanton,  on  the  opposite  side  of  the  river,  are  1,000 
acres,  15  to  25  feet  above  water  level;  a  7-foot  lignite  bed  outcrops 
near  the  water  on  the  edge  of  the  flat, 

Opposite  Washburn  are  3,000  acres  in  three  terraces,  portions  of 
which  are  subject  to  irrigation;  6  lignite  exposures,  showing  from  3 
to  7  feet  of  coal,  occur  in  the  bluffs  and  coulees  behind  the  flats. 

At  Painted  Woods  Lake  are  flats  containing  3,000  acres;  there  are 
4  feet  of  lignite  in  a  neighboring  draw  and  a  5-foot  bed  exposed  on  a 
creek  on  the  opposite  side  of  the  river  near  Sanger  court-house. 

At  the  mouth  of  Square  Butte  Creek,  8  miles  above  Mandan.  flats 
occur;  2  feet  of  lignite  are  reported  2  miles  to  the  north. 

Near  Mandan  and  at  a  number  of  points  farther  down  the  river 
are  extensive  flats;  no  heavy  beds  of  lignite  are  known  to  occur  near 
them. 

LITTLE  MISSOURI   RIVER  FLATS  AND  LIGNITE. 

Terraces  are  well  developed  along  the  Little  Missouri  at  nearly 
every  point  in  its  course.  In  a  given  locality  their  number  may  be 
five  or  six,  and  few  localities  have  less  than  three.  Their  elevation 
varies  from  20  to  200  feet  above  the  river.  No  single  tract  is  large,  on 
account  of  the  meandering  of  the  river,  but  the  total  area  at  an  ele- 
vation moderate  enough  to  make  pumping  from  the  river  practicable 
is  considerable.  A  rather  careful  estimate  of  the  area  not  more  than 
30  feet  above  the  river  places  it  at  more  than  30,000  acres,  cut  up  into 
tracts  ranging  in  size  from  50  to  1,000  acres. 

FLATS  AND  LIGNITE  IN  THE  VICINITY  OF  YULE. 

During  the  summer  of  1902,  9  townships  on  the  upper  course  of  the 
Little  Missouri,  with  Yule  post-office  as  a  center,  were  studied.  There 
is  much  diversification  in  the  topography  of  the  country,  which  in- 
cludes Little  Missouri  Valley  and  its  terraces,  the  "  breaks  "  in  the 
vicinity  of  the  river,  and  the  rolling  country  back  from  the  river, 
which  furnishes  an  unequaled  summer  range  for  cattle. 

Lignite. — Lignite  outcrops  almost  continuously,  even  in  the  shal- 
lowest of  coulees,  as  well  as  along  the  creeks  and  on  the  main  stream 
itself.  These  outcrops  are  from  6  inches  to  40  feet  in  thickness. 
Ranchmen  seldom  find  it  necessary  to  go  far  for  fuel.  Many  of  them 
consider  it  easier,  however,  to  go  to  the  river  in  winter  and  break  up 
the  great  blocks  of  coal  that  the  stream  has  washed  out.  There  are  a 
number  of  small  flats  on  this  stream  south  of  Medora  which  lie  well 
for  irrigation  by  pumping.  More  than  half  of  the  area  had  not  been 
surveyed  in  September,  1902,  and  it  is  impossible  to  cite  locations  defi- 
nitely in  many  cases. 
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TOWNSHIPS   133  AND   138,  RANGE   105. 

Iii  townships  133  and  138,  range  105,  which  includes  an  area  from 
20  to  40  miles  south  of  the  Northern  Pacific  Railway,  are  the  heads  of 
a  number  of  coulees,  which  flow  eastward  into  Little  Missouri  River. 
In  going  from  north  to  south,  Williams,  Garner,  Bull  Run,  Horse, 
Coal  Canyon,  Cannonball,  Boise,  and  Bacon  creeks  are  crossed,  in 
about  the  order  named.  All  of  these  creeks  show  lignite  more  or  less 
continuously  from  the  time  that  they  cut  through  the  sod  till  they 
empty  into  the  Little  Missouri;  their  courses  vary  in  length  from  10 
to  20  miles.  None  of  them,  except  Cannonball,  are  shown  on  an  ordi- 
nary map. 

On  Williams  Creek,  6  miles  from  its  mouth,  the  following  section 
is  given : 

Section  on  Williams  Creek,  North  Dakota. 

Feet. 

Lignite,  good 2 

Clay 20 

Lignite,  good 4 

Clay 4 

Lignite,  1  foot  exposed ;   bottom  of  bed  not  found. 

These  beds  were  traced  for  a  mile  along  the  creek.  Along  the 
lower  course  of  the  stream  lignite  is  said  to  be  abundant. 

On  Garner  Creek  exposures  of  lignite  are  not  abundant,  though 
springs  that  probably  come  from  the  lignite  are  common,  the  lignite 
being  concealed  by  the  grassed  slopes.  A  tributary  which  unites 
with  the  creek  8  miles  above  the  Little  Missouri  is  said  to  show  a 
4-foot  bed. 

On  Horse  Creek  for  more  than  6  miles  lignite  beds  varying  in 
thickness  from  3  to  (>  feet  are  exposed  at  various  elevations. 

On  Coal  Canyon  Creek  an  abundance  of  lignite  is  exposed  along 
the  deep  ravine  through  which  the  stream  flows.  A  typical  section 
is  as  follows : 

Section  on  Coal  Canyon  Creek,  North  Dakota. 

Feet. 

Lignite,  fair 5 

Clay 1 

Lignite,  good 7 

Clay 1 

Lignite,  good 1 

Creek  bottom. 

This  exposure  occurs  2  miles  west  of  the  Little  Missouri. 

On  Cannonball  Creek,  which  empties  into  the  Little  Missouri 
about  25  miles  south  of  Medora  and  is  a  stream  of  some  importance, 
its  valley  being  nearly  a  mile  wide  a  mile  from  its  mouth,  there  are  6 
feet  of  good  lignite  outcrop  in  a  single  bed.     Along  the  Little  Mis- 
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souri  and  its  tributary  ravines  in  this  vicinity  4  or  5  beds  of  lignite   • 
may  be  seen,  ranging  up  to  4  feet  in  thickness. 

On  Boise  Creek,  some  miles  above  its  mouth,  2  or  3  beds  were  seen,  j 
ranging  from  2  to  4  feet  in  thickness. 

On  Bacon  Creek,  at  the  J.  C.  Gamel  ranch,  in  sec.  20,  T.  133,  R.  104,   j 
a  bed  24  feet  thick  outcrops.     Its  quality  is  good. 

On  Sand  Creek  a  lignite  bed  40  feet  thick  outcrops  near  the  A.  E 
Russel  ranch,  in  sec.  31,  T.  135,  R.  101.  The  exposure  is  continuous 
along  the  creek  for  a  quarter  of  a  mile,  and  much  of  the  coal  can  be 
obtained  by  stripping  less  than  10  feet  of  earth  from  the  surface.  At 
the  north  end  of  the  exposure  the  section  given  was : 


: 


Section  on  Sand  Creek.  North  Dakota. 

Feet.    ] 

Sandstone 2 

Clay 10 

Lignite    2 

Clay 2 

Lignite    15 

Clay 3 

Water  level. 

At  the  south  end  of  the  exposure  the  lignite  reached  the  remarkable 
thickness  shown  below : 

Section  on  Sand  Creek.  North  Dakota. 

Feet. 

Clay ._ 5 

Lignite   3 

Clay 2 

Lignite    40 

The  lignite  throughout  the  bed  appeared  to  be  of  good  quality,  except 
that  the  upper  2  feet  were  soft.     The  analysis  indicates  good  quality. 

On  the  Little  Missouri  near  the  777  ranch,  a  few  miles  south  of 
Yule,  some  fine  beds  outcrop.  Rising  directly  from  the  water's  edge 
at  one  point,  the  beds  of  clay  and  lignite  reach  a  height  of  110  feet, 
as  shown  in  fig.  3.  The  heaviest  lignite  bed  in  the  section  is  the 
lowest,  which  is  more  than  12  feet  thick. 

At  Yule  and  at  points  between  it  and  Medora  2  or  3  beds  of  fair 
thickness  and  quality  occur. 

Area. — Well-developed  river  flats  occur  along  the  Little  Missouri 
in  this  vicinity,  at  times  exceeding  500  acres  in  extent. 

FLATS  AND  LIGNITE  AT  AND  BELOW  MEDORA,  N.   DAK. 

In  the  Little  Missouri  Bluffs  at  Medora,  on  the  Northern  Pacific 
Railway,  the  section  shown  in  fig.  4  may  be  seen.  The  lignite  in  all 
the  beds  is  of  good  quality.     It  outcrops  repeatedly  on  the  west  side  of 
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the  river.  Both  north  and  south  of  Medora  for  a  number  of  miles 
lignite  is  as  abundant  as  at  the  points  cited.  At  some  points,  as 
near  the  Eaton  ranch,  it  is  mined  for  local  use. 

The  larger  flats  along  this  portion  of  the  Little  Missouri  are  noted 
below,  with  the  amount  of  lignite  known  to  occur  in  their  vicinity. 
The  land  has  not  yet  been  surveyed,  and  locations  are  noted  by  refer- 
ring to  ranches  in  the  vicinity. 


Lignite,  3  ft. 


Lignite,  3  ft. 


Lignite,  5  ft. 


Lignite,  12  ft.  + 


Pig. 


-Section  30  miles  south  of  Medora,  at  the 
"77  ranch,  showing  lignite  seams. 


Near  the  Burgess  ranch,  4  miles  north  of  Medora,  are  several 
flats  from  50  to  ICO  acres  in  extent:  lignite  appears  in  three  beds, 
each  from  ?>  to  4  feet  thick. 

Between  Burgess  and  Parkin's  ranch,  five  miles  north  of  Medora, 
are  flats  amounting  to  400  acres,  100  acres  of  which  are  about  25 
feet  above  the  river;  two  lignite  beds  4  to  8  feet  thick  appear. 


Near  Young's  ranch  are  flats  containing  400  acres ; 


Lgnite  occurs  m 


large  quantities  on  Government  Creek. 

From  Young's  to  Johnson's  ranch  are  flats  containing  300  acres. 
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Near  Mikkelson  are  flats  containing  250  acres,  25  feet  above  the 
river,  and  100  acres  in  addition  in  the  vicinity;  lignite  is  present  in 
four  beds,  each  from  3  to  5  feet  thick;  2  miles  below  Mikkelson  a 
18-foot  bed  is  exposed  in  a  small  butte.      (PL  VII,  B. ) 

Near  Carter's  ranch,  3  miles  below  Mikkelson,  are  flats  containing 
250  acres  and  on  the  opposite  side  of  the  river  100  acres;  lignite  is 
abundant  in  the  vicinity,  a  9-foot  bed  outcropping  2  miles  below  the 
last-named  flat. 

Between  Medora  and  the  month  of  the  Little  Missouri  several  small 
flats  ranging  from  50  to  500  acres  occur,  which  are  from  15  to  30  feet 
above  the  water;  lignite  is  abundant  all  along  this  portion  of  the 
river  and  is  of  good  quality. 


Lignite,  1  ft. 


Lignite,  3  ft. 


Lignite,  «;  I't. 

Lignite,  8  ft. 
Lignite,  :'.  ft. 


Fig.  4.— Section  showing  lignite  seams  in  the  bluffs  at  Medora. 

Near  President  Roosevelt's  old  ranch  arc  (lats  which  have  an  area 
of  200  acres;  there  is  a  5-foot  lignite  bed  in  the  adjacent  draw. 

Near  Clark  and  Morgan  ranches  large  flats  occur  at  the  mouths  of 
Blacktail  and  Whitetail  creeks,  which  here  unite  with  the  Little  Mis- 
souri from  the  east;  they  include  400  to  COO  acres,  with  a  10-foot 
lignite  bed  outcropping  just  across  the  river  and  3-  to  4-foot  beds 
showing  on  the  same  side. 

Near  the  mouth  of  Beaver  Creek,  both  on  this  creek  and  on  the 
Little  Missouri,  are  large  flats,  the  total  area  practicable  for  irriga- 
tion being  more  than  GOO  acres.  (PI.  VIII,  A.)  Lignite  in  beds  3 
to  4  feet  thick  may  be  seen  at  a  number  of  points  in  adjacent  bluffs. 

Near  Simpson's  ranch  and  Magpie  Creek  is  an  area  of  500  acres, 
from  15  to  25  feet  above  the  river,  broken  into  three  tracts;  two  beds 
of  lignite  are  exposed  near  by,  each  3  feet  thick. 
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A.     AN   8-FOOT   LIGNITE   BED   8   MILES    NORTH    OF    MEDORA. 


B.     AN    18-FOOT   LIGNITE   BED   2    MILES    BELOW    MIKKELSON. 
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Near  Gore  brothers'  ranch  are  level  flats  containing  200  acres  15  to 
25  feet  above  the  river ;   lignite  appears  in  two  3- foot  beds. 

Near  Martin's  ranch  and  Bolan  and  Redwing  creeks  is  a  200-acre 
fiat;  there  are  lignite  beds  from  2  to  10  feet  thick. 

CHERRY    AND    TOBACCO    GARDEN    CREEK    FLATS. 

Area  and  water  sit pply. — From  the  first  permanent  eastward  bend 
of  the  Little  Missouri  northeast  to  the  Missouri  there  extends  an 
ancient  river  valley,  drained  by  Cherry  Creek  into  the  former  stream 
and  by  Tobacco  Garden  Creek  into  the  latter,  and  also  by  the  greater 
parts  of  Redwing  and  Bolan  creeks. 

This  valley  is  indicated  by  broken  lines  on  PL  I ;  it  seems  to  mark 
the  course  of  the  Little  Missouri  during  some  pre-Glacial  period.  It 
is  about  30  miles  long,  and  from  1  to  5  miles  wide. 

The  highest  point  of  the  old  valley  is  Bear  Butte,  which  forms  the 
divide  between  Redwing  and  Cherry  creeks.  Numerous  tributaries, 
which  carry  considerable  water  in  the  spring,  but  are  dry  in  the  sum- 
mer, enter  both  Cherry  and  Redwing  creeks  as  they  flow  through  the 
old  valley.  Most  of  these  tributaries  head  in  the  divide  between  the 
Yellowstone  and  Little  Missouri,  and  attain  a  maximum  length  of  4 
or  5  miles.  They  are  significant  in  connection  with  the  irrigation  of 
the  valley,  for  land  here  is  being  taken  under  the  desert  land  act,  the 
intention  being  to  irrigate  by  building  reservoirs  in  the  small  tribu- 
taries to  the  creeks  just  named. 

The  bluffs  back  of  the  old  valley  are  very  abrupt.  Under  present 
conditions  the  most  fertile  portion  of  the  valley  is  found  on  the  upper 
part  of  Cherry  Creek.  The  X  ranch,  owned  by  the  Converse  Cattle 
Company,  grazed  nearly  5,000  cattle  on  this  portion  of  the  valley  dur- 
ing the  entire  summer  of  1902.  Irrigation  by  means  of  reservoirs  in 
the  tributary  creeks  and  coulees  is  practicable  to  some  extent. 

FLATS  AT  AND  BELOW  FORT  BERTHOLD. 

After  entering  the  Fort  Berthold  Reservation  the  flats  on  the  Little 
Missouri  become  insignificant. 
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LIGNITE    OUTCROPS. 


A  list  of  the  more  important  lignite  outcrops  on  the  Little  Missouri, 
and  their  position  with  reference  to  the  river  and  flats,  is  given  in  the 
following  table: 

The  more  important  lignite  outcrops  on  Little  Missouri  River,  North  Dakota. 


Location. 


4  miles  from  Medora,  in 
buttes. 

Opposite  Burgess's  ranch 
2  miles  below  Burgess . . . 

5  miles  blow  Burgess 


3  miles  west  of  Parker's 
ranch. 

3  miles  east  of  Young's 
ranch. 

2  miles  south  of  Mikkelson 

2  miles  north  of  Mikkelson 


Reed's  ranch 

Mouth  of  Beaver  Creek 


Num- 
ber of 
beds. 


Near  Morgan's  ranch 


Near  Simpson's  ranch. 
Bolan  Creek 


Redwing  Creek 
Boehm's  ranch . 
Squaw  Creek . . . 


Near    southwest   corner 
Indian  reservation. 

Near  Manning's  ranch 


Thick- 
ess  in 
feet. 


in 


5 
6 
3 
5 
3 
3 
3 
10 
17  to  L8 
ir> 
8 

10 

3 

8 

3 

7 

10 

6to8 

10  to  12 

3  to  4 

10  to  12 

4 

3  to  I 

1   to.", 

4  to  5 

12 

12 

5  to  6 


Extent  of 
outcrop. 


20  feet. 


20  rods 

4  rods 

Several  rods 
....do 


in  rods 
6  rods  . 


Several  rods. 


1  mile 


....do 
J  mile 
1  mile  . 
J  mile 


10  rods 

14  rods 

4  rods 

2  to  3  miles. 

20  rods 

do 


Elevation 
above  river. 


225  feet. 


River  level. 

....do 

....do 


8  and  15  feet 

200  and  300 
feet. 

Near  water 

Water  line. 

40  feet 


Distance 
from 
river. 


20  to  40  feet. 

River  level. 
30  to  60  feet. 

30  feet 

0  to  60  feet . 


100  feet. 
....do.. 


300  feet. 
200  feet. 


10  to  20  feet. 


miles 


On  river 


.do 
.do 
.do 


3  miles 


On  river 
do... 


.do 


.do 


do... 

....do... 
10  rods  . . 
On  river 

U  miles  . 

1  mile 

On  river 


Distance  from 
flats. 


1  mile 
....do 


JOn  river 
l.-.-do... 


2i  miles. 
40  rods. 

A  few  rods. 

1  mile. 

3  miles. 

1  rod. 

1  mile. 

(Just  across  the 
\    river. 

Across  river. 

Edge  of  flats. 
40  rods. 
80  rods. 
Across  river. 

2  miles. 

I  mile. 

i  mile. 

Across  river. 

I  mile. 

1  mile. 

A  few  rods. 

40  rods. 
Do. 
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A       FLATS  ON    LITTLE    MISSOURI    RIVER    NEAR    BEAVER   CREEK. 


B.      AN    8-FOOT    BED    OF    LIGNITE   ON    LITTLE    MISSOURI    RIVER    ABOVE    REED'S 

RANCH. 
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FLATS  AND  LIGNITE  ON   KNIFE  RIVER  AND  TRIBUTARIES. 

FLATS. 

Knife  River. — The  Knife  River  flats  are  like  those  along  the  Little 
Missouri  just  described,  differing*  mainly  in  not  being  so  shut  in  by 
high  bluffs  and  in  having  the  slopes  to  the  uplands  comparatively 
gradual. 

The  flow  of  water  in  Knife  River  even  in  summer  is  often  consider- 
able. On  July  31,  1903,  it  was  too  deep  to  ford  near  its  mouth,  and 
when  seen  again  at  the  same  point  on  August  21  there  was  a  foot  of 
swiftly  flowing  water  over  the  fords,  which  were  25  feet  or  more  wide. 

For  15  miles  from  its  mouth  the  flats  are  extensive,  often  reaching  a 
width  of  a  mile  and  including  in  all  about  4,000  acres,  which  lie  from 
15  to  25  feet  above  the  river.  Lignite  is  found  along  all  the  bluffs  at 
the  mouth  and  outcrops  in  nearly  every  coulee.  An  8-foot  bed  is 
mined  4  miles  south  of  the  river  on  the  west  bank  of  Brody  Creek. 

Below  Hazen  the  river  flats  within  4  miles  embrace  2,500  acres. 
A  4-foot  lignite  bed  is  found  4  miles  north  of  Hazen.  From  Hazen  to 
the  mouth  of  Spring  Creek,  the  main  tribuary  of  Knife  River,  a  dis- 
tance of  10  miles,  are  flats  that  lie  20  feet  above  the  river  and  have  an 
area  of  2,000  to  3,000  acres. 

From  Broncho  to  Rock  Springs,  on  Knife  River,  the  average 
width  of  the  flats  is  one-half  mile,  and  the  total  acreage  considerable. 
Four  feet  of  lignite  outcrop  in  sec.  14,  T.  143,  R.  94. 

Spring  Creek. — Flats  extend  up  Spring  Creek  for  a  mile,  above 
which  to  Halliday  they  are  cut  up  into  small  tracts  of  30  to  40  acres. 
Lignite  in  two  beds  outcrops  near  O'Neil's  ranch. 

From  Halliday  to  Pelton's  ranch,  on  Spring  Creek,  a  distance  of 
about  12  miles,  flats  are  extensive  and  include  about  4,000  acres. 
Spring  Creek  is  perennial,  and  its  flow  is  considerable.  At  Paulson's 
ranch  a  16- foot  bed  of  good  lignite  outcrops.  It  is  covered  by  only  10 
to  20  feet  of  clay,  and  furnishes  fuel  for  the  neighboring  ranches. 
There  is  much  coal  in  the  vicinity  of  Halliday,  as  shown  by  springs 
and  outcrops  along  the  creek.  At  Olaf son's  ranch  two  beds  of  good 
lignite  2  and  3  feet  thick  outcrop  on  the  north  side  of  the  creek.  Six 
miles  north  of  Flalliday  on  Hans  Creek  a  spring,  which  issues  from 
a  lignite  outcrop,  is  used  for  irrigation.  On  the  south  side  of  this 
creek  a  bed  said  to  be  10  feet  thick  is  mined  in  winter. 

Farmers  Valley. — Farmers  Valley,  which  extends  from  Hebron  to 
a  point  north  of  Gladstone,  and  then  north  through  Deep  Creek  Val- 
ley to  Rock  Spring  post-office,  contains  10,000  acres  of  land  fit  for  irri- 
gation if  water  could  be  found.  In  sec.  33,  T.  141,  R.  93,  a  possible 
reservoir  site  exists. 
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LIGNITE    OUTCROPS. 


The  following  table  gives  the  more  important  lignite  outcrops  on 
Knife  River  and  Spring  Creek  and  their  position  with  reference  to 
river  flats : 

Lignite  outcrops  on  Knife  River. 


Location. 


N  lim- 
ber of 
beds. 


Thick- 
ness in 
feet. 


Extent  of 
outcrop. 


Elevation 
above 
stream. 


Distance 

from 
stream. 


Distance  from 
flats. 


Sec.9,T.144,R. 89,  G. Weige 
2.|  miles  east  of  Weige 

5  miles  west  of  Weige 

Olaf son's  at  Halliday 


Opposite  Halliday 

Sec.  15,  T.  145,  R.  92... 

Anderson's,  sec.  28,  T.  146, 
R.92. 

Paulson's,  sec.  27,  T.  145, 
R.  93. 

Paulson's,  sec.  12,  T.  142, 

r.  93. 

Corey's,  sec.  28,  T.144,  R.  96 
Beck's,  sec.  4,  T.  144,  R.  97. 


Fayette 


Brannen's.  sec.  34,  T.  144, 
R.  99. 

5  miles  south    of   Bran- 
nen's. 

Sec.  13,  T.  141,  R.  93,  north 
of  Richardton. 

2%    miles    northwest    of 
Richardton. 


Sec.  33,  T.  141,  R.  93 

Sec.  14,  T.  143,  R.  94 

Sec.  13,  T.  143,  R.  94;  O. 


Ziner's. 
Sec.  15,T.143,R.  94;  Bailey 


Sees.  9  and  2,  T.  142,  R.  92; 
M.  Hanson. 


Sees.  5,  7.  and  9,  T.  140,  R. 
90;  Crowley s. 

Sec.  4,  T.  142,  R.  90;  F.  M. 
Smith. 

Sec.  14,  T.  143,  R.  89;  Ger- 
echts. 


5  to  6 
10 


5 
to  3 


4 
a  10 

16 

5  to  6 


10  feet. 
20  rods 

10  rods 
do. 


5  rods 
4  rods 


On  creek.    On  edge  of  flat. 

Taken  on  report;  said  to  be  on  edge  of 
flat  and  accessible. 

Edge  of  flat. 

Edge    of    200- 
acre  flat. 

Faces  flat. 


2  to  3 

4 
5 


4 

4 

4 

4 

to  4 


5  to  6 

3  to  I 

3  to  4 

6  to  8 

4  to  5 

5  to  6 


40  rods 

5  rods 

Extensive. 


30  feet. 


On  creek. 

.....do.... 

1  mile 

7  miles  . . . 

On  creek. 


Near    4(X)-acro 
flat. 

Near    600-acre 
flat. 


This  bed  is  on  Little  Knife,  between 

Fayette  and  Rickardton. 

90  ,.n.k  [Beds  run  along  creek  at  elevation  of  10 

}    feet;  6-foot  bed  reported  6  miles  west. 

Placed  upon  the  Little  Missouri  divide. 
Extends  along  draw  for  several  miles. 


40  rods 


5  rods 


20  feet. 


On  creek 


Near 
Knife 
River. 


Near    600-acre 
flat. 


Do. 

2J  miles. 


Nearl,(KK)-acre 
flat. 


Near    600-acre 
flat. 


Near    200-acre 
flat. 


"Reported. 


b  At  spring. 


On  the  lower  Knife  River  lignite  is  obtained  at  many  points  on 
the  north  side  of  the  stream.  The  bed  is  3  to  4  feet  thick.  Lignite 
may  also  be  obtained  from  a  bank  4  miles  south  of  Hazen,  where  the 
bed  is  8  to  10  feet  thick. 
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FLATS  AND   LIGNITE  ON   HEART   RIVER  AND   TRIBUTARIES. 

FLATS. 

Attractive  flats,  each  containing  a  few  hundred  acres,  may  be  found 
along  Heart  River  and  its  tributary,  Green  River. 

LIGNITE. 

Heart  River. — Lignite  outcrops  arc  frequent  along  both  the  Heart 
and  the  Green,  some  of  the  largest  mines  in  the  State  being  located 
in  their  vicinity.  The  New  Salem  mines,  only  12  miles  north  of 
Heart  River,  had  an  output  of  17,000  tons  during  the  year  1902-3. 
Other  mines  at  Sims,  no  farther  from  the  river,  are  producing  exten- 
sively. Between  New  Salem  and  the  river  5-foot  beds  outcrop  at  a 
number  of  points  and  are  mined  on  the  strip-pit  plan. 

The  mine  of  the  Consolidated  Coal  Company  at  Lehigh,  3  miles 
oast  of  Dickinson,  has  developed   a   remarkably  fine  bed  of  lignite 


Lignite,  2-3  ft. 


Lignite,  3  ft. 


Lignite,  12-16  ft. 


Fig.  5. — Section  at  the  Lehigh  mine. 

which  varies  in  thickness  from  12  to  1G  feet.  It  outcrops  con- 
tinuously along  the  river  for  3  miles.  Thirty  feet  above  this  thick 
bed  a  3-foot  bed  is  frequently  exposed,  and  above  this  another  and 
more  variable  bed.     (Fig.  5.) 

At  two  points  on  the  outskirts  of  Dickinson  lignite  is  mined  in 
considerable  quantities.  At  the  plant  of  the  Dickinson  Pressed  Brick 
and  Fire  Clay  Company  a  5-foot  bed  is  mined  by  stripping.  The 
Lenneville  mine,  half  a  mile  east  of  Dickinson,  shows  a  bed  varying 
in  thickness  from  4  to  8  feet.  Lignite  from  this  mine  ordinarily 
sells  for  $1.50  per  ton  at  the  mine. 
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Throe  and  4  miles  west  of  Dickinson,  on  Heart  River,  a  4-foot  and 
a  7-f oot  bed  outcrop  frequently.  The  lignite  at  the  Bird-Stone  mine, 
in  sec.  C,  T.  139,  R.  08,  outcrops  on  Heart  River,  and  may  be  seen  from 
the  Northern  Pacific  Railway.  The  bed  is  16  feet  thick,  the  upper 
part  being  inferior  in  quality  at  the  outcrop;  the  lower  8  feet  is 
excellent.  In  section  8  of  the  same  township  the  bed  outcrops  again. 
On  the  south  side  of  the  Little  Heart,  between  South  Heart  and  Bel- 
lid  d,  a  6-foot  bed  of  excellent  coal  occurs.  It  may  be  seen  best  in  sec. 
16,  T.  139,  R,  98,  a  school  section. 

Green  River. — North  of  Dickinson  lignite  abounds  on  Green  River 
throughout  its  course.  Near  its  mouth  at  Gladstone  beds  of  excel- 
lent quality,  though  not  exceeding  5  feet  in  thickness,  are  found  on 
the  Rust  and  A.  B.  Powers  farms  in  sees.  26  and  27,  T.  140,  R,  95. 
The  exposures  are  directly  on  the  river  and  near  water  level.  Two 
miles  farther  up  the  stream,  in  W.  J  sec.  22,  T.  140,  R.  95,  a  3-foot 
bed  of  good  lignite  is  mined  by  the  owner  of  the  ranch  on  which  it 
occurs.  At  the  Kupper  ranch,  due  north  of  Dickinson,  a  15-foot  bed 
of  excellent  lignite  outcrops  for  a  long  distance  on  the  edge  of  Green 
River.     This  bed  is  known  to  be  very  extensive. 

Coalmine  Creek. — Coalmine  Creek,  a  tributary  of  Heart  River, 
which  unites  with  it  a  mile  east  of  Belfield,  shows  great  quantities 
of  lignite  along  its  course  for  at  least  5  miles.  Two  good  banks  were 
examined,  one  6  feet  thick  in  sec.  28,  T.  140.  R.  98,  the  other  7  feet 
thick  in  sec.  27,  T.  140,  R.  98.  A  number  of  additional  openings  have 
been  made  along  this  creek  from  which  lignite  is  taken.  In  sec.  30, 
T.  140,  R.  99,  5  feet  of  a  bed  said  to  be  9  feet  thick  may  be  seen. 

Norwegian  Creek. — Three  miles  south  of  Belfield,  on  Norwegian 
Creek,  a  tributary  of  the  Little  Heart,  which  flows  east  and  unites 
with  the  Little  Heart  8  miles  southeast  of  Belfield,  a  number  of 
beds  are  exposed  and  slightly  opened.  They  include  the  Englehard- 
son  bank,  in  sec.  20,  T.  139,  R.  99,  with  lignite  6  feet  thick,  and  the 
Anderson  bank  in  section  19  of  the  same  township,  with  a  bed  12 
feet  thick.  In  the  vicinity  of  all  of  these  lignite  outcrops  there  are 
flats  of  moderate  elevation. 

FLATS  AND  LIGNITE  ON    CANNONBALL  AND   CEDAR  RIVERS. 

Terraces  of  different  elevations,  with  a  considerable  total  area,  occur 
along  the  course  of  the  Cannonball  below  its  union  with  the  Cedar 
and  along  both  streams  for  60  miles  above  their  junction.  On 
account  of  the  meandering  of  the  rivers,  and  the  rather  limited  width 
of  the  terraces,  more  than  600  acres  are  rarely  found  in  a  single  tract. 
With  the  data  now  at  hand  it  does  not  seem  practicable  to  irrigate 
areas  larger  than  this  by  pumping  from  a  single  fixed  station.     It 
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may  be,  however,  that  detailed  study  will  show  that  two  or  more  of 
these  tracts  may  be  connected  by  ditches  and  treated  as  one. 

CANNONBALL    RIVER    FLATS. 

Area  and.  soil. — The  elevation  of  the  Cannonball  flats  varies  from 
10  to  80  feet.  The  soil  is  generally  fertile,  and  at  many  points  is  well 
grassed.  In  places  it  appears  to  be  gumbo,  while  at  others  it  is  too 
sandy  for  agriculture.  Taken  together  these  flats  have  a  consid- 
erable area,  perhaps  30,000  or  more  acres,  with  soil  and  topography 
favorable  for  irrigation.  As  on  the  Missouri,  there  are  opportunities 
to  form  reservoirs  on  the  tributary  streams  and  divert  the  water  so 
controlled  to  the  flats  of  the  larger  stream.  The  difficulties  here,  as 
there,  will  be  found  in  constructing  at  reasonable  expense  reservoirs 
sufficiently  strong  to  bear  the  water  put  upon  them  by  violent  storms. 

Lignite. — Lignite  is  not  abundant  on  the  Cannonball  below  Wade 
post-office,  where  the  Cedar  unites  with  it.  Only  the  following  out- 
crops were  noted : 

Three  feet  of  coal,  reported  in  Castle  or  Palace  Butte,  about  C> 
miles  north  of  Cannonball  post-office,  at  the  mouth  of  the  river. 
Samples  examined  were  of  fair  quality. 

A  14-inch  bed,  mined  by  stripping,  about  18  miles  from  the  mouth 
of  the  Cannonball,  in  sec.  21,  T.  134,  R.  81.  The  outcrop  occurs 
close  to  the  river. 

A  bed  2^  feet  thick,  reported  in  a  bank  4  miles  northwest  of 
Shields  post-office,  and  an  equal  distance  from  the  river. 

A  bed  18  inches  thick,  reported  3  miles  north  of  Howe  post-office. 

A  careful  search  made  along  the  bluffs  where  good  exposures  occur 
brought  to  light  only  beds  a  few  inches  thick,  till  the  upper  Cannon- 
ball  was  reached. 

Forty  miles  east  of  New  England  post-office  heavy  lignite  beds  out- 
crop, and  appear  continuously  from  this  point  for  50  miles  up  the 
stream.     The  following  may  be  briefly  tabulated : 

Lignite  beds  on  upper  Cannonball  River,  North  Dakota. 

Feet. 

O.  S.  Chase  bank,  sec.  31,  T.  134,  R.  92 2-3,  good. 

E.  C.  Barry,  bank,  sec.  4,  T.  133,  R.  92 3,  good. 

Sec.  21,  T.  134,  R.  94 3,  good. 

NW.  i  sec.  22,  T.  134,  R.  94 3,  good. 

Sees.  21  and  22,  T.  135,  R.  96 4.  good. 

Jacob  Reiss  bank,  sec.  22,  T.  136,  R.  97 7,  good. 

John  Ermintrout  bank,  6  miles  northeast  of  New  England 3 

Two  beds,  5  miles  west  of  New  England 9,  good. 
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(OALBANK    CREEK. 

Lignite. — Coalbank  Creek,  a  tributary  of  the  Cannonball,  which 
unites  with  it  near  New  England,  shows  good  lignite  beds  frequently; 
one  4-foot  bed  may  be  found  1  miles  from  the  mouth  of  the  creek. 

CEDAR    RIVER. 

Lignite. — On  the  upper  Cedar  River  lignite  is  said  to  be  abundant, 
and  judging  from  observations  on  the  adjacent  tributaries  of  the 
Cannonball  the  reports  are  probably  correct.  The  same  statement 
can  be  made  for  the  upper  Grand  River  in  South  Dakota. 

PRESENT  STATUS  OF  IRRIGATION  IK  NORTH  DAKOTA. 

A  great  part  of  the  irrigation  in  North  Dakota  is  due  to  the  stimu- 
lus given  by  the  desert-land  act.  The  application  of  this  law  in  the 
State  seems  to  have  been  free  from  abuse,  and  a  further  application 
of  it  has  been  prevented  by  the  fact  that  extensive  areas  in  the  semi- 
arid  portion  of  the  State  are  not  recognized  as  desert  land  by  the  land 
offices.  The  only  part  of  the  State  where  desert-land  claims  may  be 
filed  is  the  northwestern,  and  here  there  is  always  some  uncertainty  as 
to  what  the  ruling  of  the  land  office  will  be  till  each  claim  is  finally 
inspected. 

FLATS   PARTLY   IRRIGATED. 

YELLOWSTONE    FLATS. 

On  the  Yellowstone  flat  in  North  Dakota,  and  just  over  the  line  in 
.Montana,  the  following  claims  have  been  filed: 

Andrew  F.  Nohle:  Reservoir  on  Fourmile  Creek,  a  tributary  of 
the  Yellowstone  in  Montana,  near  the  boundary  line.  Fourmile 
("reek  is  said  to  have  a  drainage  area  of  24  square  miles.  The  Nohle 
dam  when  completed  will  be  20  feet  high  in  the  center,  and  the  res- 
ervoir when  filled  will  have  a  surface  area  of  388  acres. 

A.  W.  Mann:  Claim  in  SE.  J  sec.  31,  T.  152,  R.  10-1.  He  purposes 
to  obtain  water  from  draws  in  the  bluffs  behind. 

Sarah  and  Kate  Mercer:  Desert  claims  on  NW.  {  sec.  32,  and  NE.  J 
sec.  31,  T.  152,  R.  101.  They  obtain  water  from  draws.  The  main 
ditch  to  control  these  areas  is  already  constructed. 

BUF0RD-TRENT0N    FLATS. 

On  the  Buford-Trenton  flats  Mr.  Edwin  Jack  (post-office,  Trenton) 
has  been  foremost  in  the  effort  to  secure  water  for  irrigation.  Asso- 
rted witli  him  are  Carl  Wittmeier,  Grant  Conley,  and  Charles  Schu- 
maker.     A  dam  on  Eightmile  Creek,  which  comes  down  from  the 
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north  and  spreads  out  over  the  Missouri  bottom  lands  3  miles  west  of 
Trenton,  has  been  constructed  across  the  creek  bed.  The  reservoir 
so  formed  has  a  surface  area  of  75.4  acres,  and  a  capacity  of  521.5 
acre-feet.  The  dam,  which  is  of  earth  faced  with  stone,  has  a 
suitable  flume  and  waste  gate.  Its  present  capacity  is  regarded 
as  sufficient,  aided  by  the  rainfall  and  inflow  during  the  irrigating 
season,  to  care  for  400  acres.  The  dam  has  washed  out  twice  and  has 
been  rebuilt  each  time  in  a  more  substantial  manner.  Up  to  the  pres- 
ent about  $8,000  have  been  expended  on  reservoir  and  ditches,  with 
results  which  have  satisfied  the  owners  that  the  outlay  is  justified. 
The  capacity  of  this  reservoir  could  be  increased  considerably  with- 
out great  expense,  and  it  is  probable  that  water  from  Eightmile 
Creek  would  still  fill  it  if  its  capacity  were  not  much  above  1,000 
acre -feet. 

MUDDY    RIVER    FLATS. 

The  most  notable  attempt  to  irrigate  in  the  vicinity  of  Williston 
was  made  a  few  years  ago  by  Mr.  Fred  Rounsaville  of  that  place. 
Ten  miles  above  Williston,  in  sec.  5,  T.  153,  R.  100.  he  constructed  a 
dam  to  divert  the  water  from  the  stream  and  throw  it  into  a  lateral 
ditch,  which  would  irrigate  the  fiats  on  the  right  bank  of  the  Muddy, 
and  possibly  a  portion  of  the  flats  at  its  mouth  on  the  Missouri.  No 
attempt  to  store  the  water  was  included  in  the  plan.  The  dam  Avas 
constructed  and  a  portion  of  the  ditch,  when  the  work  was  stopped  by 
the  death  of  Mr.  Rounsaville.     The  property  is  now  offered  for  sale. 

On  the  Muddy  above  Williston  and  on  its  tributaries  the  following 
irrigation  work  is  in  progress,  the  operations  for  the  most  part  being 
limited  to  spring  flooding  for  grass : 

George  Marelius  and  Stephen  A.  Marmon  have  a  reservoir  in 
T.  151,  R.  101,  on  Blacktail  Creek,  a  tributary  of  the  Muddy  from 
the  west.  They  are  said  to  be  flooding  1,200  acres  for  both  grass  and 
grain. 

The  Freeman  family  are  constructing  a  reservoir  on  the  upper 
course  of  the  Muddy,  in  sees.  20,  2?,,  29,  and  30,  T.  158,  R.  100,  where 
they  are  planning  to  irrigate  1,900  acres. 

Ellen  Adams  has  a  desert-land  claim,  which  is  now  proved  up,  in 
sees.  28  and  29,  T.  155,  R.  98.  Water  is  taken  from  coulees  that  are 
dry  in  summer,  and  the  irrigation  is  for  grass  only. 

Joseph  Langford  is  irrigating  300  acres  in  sees.  21  and  27,  T.  157, 
R.  100,  on  the  upper  Muddy. 

F.  R.  Zahl  and  his  family  hold  a  section,  which  he  irrigates  for 
grass,  in  sees.  24  and  25,  T.  159,  R.  101,  at  the  mouth  of  Scoria  ('reek. 
a  tributary  of  the  Muddy. 

L.  L.  and  Howard  Lampman  irrigate  two  sections  on  Cow  Creek. 
a  tributary  of  the  Muddy,  in  T.  156,  R,  102. 


LITTLE    KNIFE    FLATS. 

Mr.  Black  has  irrigated  with  profit  for  grass  at  the  mouth  of 
Little  Knife  Creek  for  a  number  of  years. 

NESSON-IIOFFLUND    FLATS. 

The  Nelson  ranch,  at  the  mouth  of  Nelson  Creek,  on  the  upper 
terrace  at  that  point,  is  an  illustration  of  the  possibility  of  irrigating 
like  land  at  a  moderate  cost  from  the  creeks  coming  do.wn  from 
the  upland.  An  earth  dam  at  the  mouth  of  Nelson  Creek  diverts 
the  water  and  laterals  spread  it  over  a  considerable  area  so  that  GOO 
acres  or  more  are  flooded  in  the  spring.  The  ground  is  thoroughly 
soaked  to  a  depth  of  2  feet  and  is  then  allowed  to  stand  a  week 
before  cultivation.  On  land  so  prepared  oats  often  yield  60  bushels 
to  the  acre  and  wheat  25,  while  the  surrounding  country,  as  favorably 
located  except  for  the  flooding,  yields  from  nothing  to  10  bushels. 
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James  Sherry,  on  Stump  Creek,  a  tributary  of  the  Muddy  from  the 
west,  irrigates  a  20-acre  garden  in  sec.  2,  T.  156,  R.  102,  by  pumping 
from  a  reservoir  in  the  creek.  During  the  year  1903  he  pumped  only 
-1  days,  this,  with  the  rains,  being  enough  to  mature  a  full  crop  of 
o-arden  truck.  An  8-horsepowTer  gasoline  engine  lifted  800  barrels 
an  hour  20  feet.  With  gasoline  at  30  cents  a  gallon,  the  cost  of 
operation  per  day  of  10  hours  was  $3.  The  owner  estimates  that 
with  the  rain  of  an  ordinary  year  to  assist,  his  plant  is  capable  of 
irrigating  160  acres.  The  soil  is  a  sandy  loam  with  clay  subsoil. 
The  cost  of  pump,  pipes,  and  engine  delivered  at  Williston  was  $811. 
Mr.  Sherry  has  great  faitli  in  the  profit  to  be  derived  from  the 
enterprise,  and  next  year  will  extend  the  area  that  he  irrigates. 

Mr.  E.  A.  Sharp,  on  his  farm  2  miles  northeast  of  Williston,  in 
sees.  IT  and  20,  T.  154,  R.  100,  is  installing  a  10-horsepower  gasoline 
engine  and  a  centrifugal  pump,  which,  for  his  lift  of  10  feet,  has  a 
claimed  capacity  of  735  gallons  a  minute.  He  intends  to  irrigate 
for  crass  and  grain.  Water  will  be  taken  from  Stony  Creek  and 
Muddy  River.  He  estimates  that  he  can  irrigate  200  acres  with  his 
plant,  and  that  30  days  will  be  a  maximum  time  for  operation  in  an 
ordinary  year. 

Joseph  Langford  has  320  acres  in  sees.  21  and  27,  T.  157,  R.  100, 
which  he  irrigates  from  the  Muddy. 

The  Hedderick  ranch  ( formerly  the  Voss)  irrigates  extensively 
for  grass  at  the  mouth  of  Cow  Creek,  on  the  Muddy  Hats. 

R.  M.  Calderwood,  Grant  Greenup,  Francis  Hendrickson,  and 
others  have  filed  desert-land  claims  on  Camp  Creek,  in  T.  151,  R.  102, 
and  have  made  preparations  to  irrigate  extensively. 
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One  of  the  earliest  attempts  at  irrigation  in  North  Dakota  was 
made  at  the  old  Grinnell  ranch,  at  the  month  of  Beaver  Creek, 
where  by  dams  and  ditches  the  water  from  the  creek  was  spread  over 
several  hundred  acres  of  the  lower  Hofflund  flat.  Part  of  the  same 
area  is  irrigated  in  the  same  way  by  H.  A.  Carey.  Carey's  dam  is 
20  feet  high  and  is  not  intended  to  store  water  in  the  creek  bed 
back  of  it  to  any  considerable  extent  but  to  divert  it  to  the  laterals 
during  the  abundant  water  supply  of  the  spring. 

Ole  Barsted  has  a  dam  and  ditch  on  Dry  Fork  Creek,  near  its 
junction  with  the  Beaver.  Higher  up  on  this  creek  are  the  dams 
of  Wallender  and  Manly  Anderson. 

Nels  J.  Camp,  William  Barsted,  and  George  Littlefield  are  divert- 
ing water  for  irrigation  on  Beaver  Creek  above  Carey's. 

Ward  is  irrigating  the  east  end  of  the  lower  flat  at  Hofflund,  at 
the  old  Lampman  ranch. 

HANCOCK    FLATS. 

Mr.  F.  G.  Mattoon  is  putting  in  an  extensive  pumping  plant  to  irri- 
gate a  portion  of  the  fine  flats  on  the  Missouri  at  Hancock. 

HEART    RIVER    FEATS. 

Fisher  Brothers,  on  Green  River,  a  small  tributary  of  the  Heart, 
7  miles  north  of  Dickinson,  have  irrigated  for  two  years,  pumping 
water  from  the  river.  The  lift  is  15  feet,  and  a  centrifugal  pump 
with  a  discharge  pipe  having  an  inside  diameter  of  8  inches  is  used. 
A  temporary  dam  10  inches  high  and  30  feet  long  was  thrown  across 
the  river  in  1901  and  retained  all  the  water  needed  to  irrigate  40 
acres.  In  1902  an  abundance  of  rain  made  irrigation  unnecessary. 
With  this  pump,  which  is  driven  by  an  ordinary  farm  engine,  1,500 
gallons  per  minute  are  easily  raised  15  feet.  The  cost  of  the  pump 
delivered  was  $250.  Mr.  Fisher  estimates  that  even  in  a  dry  season 
he  would  have  no  difficulty  in  irrigating  200  acres  with  his  present 
equipment.  Two  dollars  worth  of  coal  was  burned  per  day,  coal 
costing  50  cents  per  ton  at  a  neighboring  bank. 

Mr.  A.  F.  Riley,  on  Heart  River,  near  Gladstone,  last  year  irri- 
gated 20  acres  by  means  of  a  dam  thrown  across  a  draw.  Next  year 
he  proposes  to  irrigate  60  acres  b}^  means  of  a  centrifugal  pump. 
Lignite  occurs  on  his  farm,  outcropping  in  a  4-foot  seam,  and  can  be 
had  for  the  mere  labor  of  mining. 

RECOMMENDATIONS. 

Opportunities  to  reclaim  arid  lands  appear  to  exist  in  the  larger 
flats  on  Missouri  River.     Much  of  the  land  in  these  flats  is,  however, 
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already  in  private  ownership,  that  lying  within  the  Fort  Berthold 
Reservation  forming  the  only  exception. 

In  choosing  among  the  Missouri  River  flats  for  one  where  reclama- 
tion by  pumping  may  be  tried  under  most  favorable  conditions,  a 
number  of  factors  must  be  kept  in  mind.  Nearness  to  a  railroad  and 
a  market  are  as  essential  as  an  abundance  of  cheap  fuel  and  good  land. 
An  active  interest  on  the  part  of  the  resident  owners  is  necessary 
where  the  land  is  already  in  part  or  wholly  private  property. 

With  these  conditions  in  mind,  the  Buford-Trenton  flats  and  the 
Nesson-Homund  tract  deserve  first  consideration.  The  former  lie 
directly  on  the  railroad,  but  lignite  is  not  abundant  near  by  and  will 
cost  about  $2  per  ton.  whether  mined  in  the  vicinity  or  hauled  from 
Williston.  The  Nesson-Hofflund  Hats  are  11  miles  from  a  railroad 
and  are  wholly  in  private  ownership,  but,  on  the  other  hand,  lignite 
is  very  abundant  near  them  and  should  be  laid  down  at  the  pumping 
plant  for  $1  per  ton;  it  may  even  be  possible  to  locale  a  pumping 
plant  within  a  few  hundred  yards  of  an  extensive  outcrop.  From 
an  engineering  point  of  view,  the  I > 1 1 ford-Trenton  tract  appears  so 
offer  simpler  conditions. 
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LETTER  OF  TRANSMITTAL. 


Department  or  the  Interior, 

United  States  Geological  Survey, 

Washington,  D.  C.  June  18.  190 If.. 
Sir  :  I  have  the  honor  to  transmit  herewith,  for  publication  in  the 
series  of  Water-Supply  and  Irrigation  Papers,  a  report  by  Mr.  Frank 
C.  Calkins  on  the  water  resources  of  a  portion  of  east-central  Wash- 
ington, made  in  connection  with  the  investigation  of  the  underground 
waters  of  the  Western  States,  under  charge  of  Mr.  N.  H.  Darton. 

The  information  contained  in  this  paper  is  believed  to  be  of  value 
as  a  help  to  the  understanding  of  the  underground  waters  of  that  por- 
tion of  the  country. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 


GEOLOGY  AND  WATER  RESOURCES  OF  A  PORTION 
OF  EAST-CENTRAL  WASHINGTON. 


I>v  Frank  C.  Calkins. 


INTJIODITCTIOX. 

During  the  fall  of  1902  the  writer,  acting  under  instructions  from 
Mr.  F.  H.  Newell,  chief  engineer,  United  States  Geological  Survey, 
made  an  examination  of  the  water  resources  of  a  portion  of  east- 
central  Washington.  The  location  and  extent  of  the  district  investi- 
gated are  shown  on  the  index  map,  fig.  1. 


Fro.   1. 


Index  map,  showing  location  and  extent  of  district  investigated. 


The  objects  of  the  investigation  were  determined  by  the  natural 
conditions  of  the  region.  The  climate  of  central  Washington  is  arid, 
and  a  large  portion  of  the  district  here  especially  considered  is  almost 
without  surface  streams  available  for  the  uses  of  mankind.  Surface 
wells  capable  of  supplying  perennially  even  the  modest  requirements 
of  domestic  use  can  be  sunk  only  in  places  where  conditions  are 
locally  favorable.     Springs  once  formed  the  only  source  of  water  for 
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a  lar<*  u  but  they  are  so  widely  scattered  and  often  so  difficult 

of  access  iiiat  great  labor  is  sometimes  involved  in  hauling  a  supply 
hem.  Deep  wells,  now  fairly  numerous  and  rapidly  increasing 
in  number,  are  coming  to  be  considered  the  most  satisfactory  sources 
of  water.  To  determine  to  what  extent  the  supply  from  these  wells 
may  be  increased,  and  to  find  whether  there  is  hope  of  obtaining 
artesian  flows  in  any  portion  of  the  region,  were  the  prime  objects 
of  the  writer's  expedition. 

Geologic  reconnaissance  was  carried  on  at  the  same  time,  as  a 
knowledge  of  the  character  of  the  rocks  and  of  their  geologic  struc- 
ture is  necessary  to  an  intelligent  opinion  in  regard  to  the  possibility 
of  obtaining  underground  water.  A  sketch  of  the  geology  of  the 
region  will,  therefore,  be  incorporated  in  this  report.  It  is  limited 
on  the  one  hand  by  the  economic  purposes  which  it  is  meant  to  serve 
and  by  the  fact  that  it  is  intended  primarily  for  nonscientific  readers, 
and  on  the  other  by  the  hasty  character  of  the  work  and  the  lack 
of  a  good  topographic  base,  which  made  impossible  a  complete 
geologic  survey  of  the  region.  The  routes  indicated  on  PL  I  show 
the  ground  covered  and  will  enable  the  reader  to  judge  to  what 
extent  the  opinions  expressed  are  based  on  actual  observation. 

Field  work  was  carried  on  during  the  four  weeks  beginning  Octo- 
ber 6,  1902.  The  equipment  consisted  of  a  spring  wagon  and  team, 
a  saddle  horse,  used  in  occasional  excursions  from  the  main  routes, 
and  a  light  camp  outfit.  Mr.  I).  F.  McDonald,  a  student  at  the 
University  of  Washington. was  engaged  as  teamster,  and  his  intelligent 
interest  in  the  work  enabled  him  to  assist  materially  in  the  collection 
of  data. 

Mention  should  be  made  here  of  geologic  and  hydrographic  work 
previously  done  in  this  region  and  in  neighboring  areas  where  condi- 
tions are  similar.  Among  the  earliest  scientific  explorations  in  the 
region  whose  results  have  been  published  were  those  of  Thomas  W. 
Symons,  who,  in  the  fall  of  1881,  explored  the  Columbia  from  Grand 
Rapids  to  the  mouth  of  Snake  River.  His  report  "  includes  a  descrip- 
tion of  the  Great  Plains  of  the  Columbia  and  a  sketch  of  the  geologic 
history  of  the  region.  The  most  extensive  and  important  work  in 
the  Columbia  Plains  has  been  done  by  Prof.  Israel  C.  Russell,  the 
results  of  whose  investigations  in  central  Washington,5  southeastern 
Washington,0  and  northwestern  Idaho'2  have  appeared  in  publica- 
tions of  the  United  States  Geological  Survey. 

a  Report  of  an  examination  of  the  upper  Columbia  River  :  Forty-seventh  Cong.,  1st  sess., 
3.  Doc.  No.  18G,  1882. 

6  Russell,  I.  C,  Geologic  reconnaissance  in  central  Washington  :  Bull.  U.  S.  Geol.  Sur- 
vey No.  108,  1893. 

c  Russell,  I.  C,  Reconnaissance  in  southeastern  Washington :  Water-Sup.  and  Irr. 
Paper  No.  4,  U.  S.  Geol.  Survey,  1897. 

d  Russell,  I.  C,  Geology  and  water  resources  of  Nez  Perces  County,  Idaho :  Water-Sup. 
and  Irr.  Papers  Nos.  53  find  54,  V.  S.  Geol.  Survey,  1901. 
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Professor  Russell's  first  work  in  the  region  was  a  reconnaissance  in 
1893,  which  embraced  a  large  area  in  central  Washington,  including 
the  greater  part  of  the  district  considered  in  the  present  report.  The 
conclusions  in  regard  to  certain  geologic  problems  reached  by  the 
writer  after  a  more  thorough  examination  of  the  ground  differ  in 
some  particulars  from  those  of  Professor  Russell,  but  they  can  not 
claim  the  authority  of  final  solutions,  which  must  depend  on  more 
detailed  studies.  It  is  a  pleasure,  however,  to  acknowledge  indebted- 
ness to  Professor  Russell  for  many  helpful  suggestions  contained  in 
his  reports. 

The  water  resources  of  a  portion  of  Yakima  County  Avere  studied 
in  1900  by  Mr.  George  Otis  Smith."  His  report  is  of  especial  interest 
because  it  describes  the  most  successful  artesian  basin  in  the  State  and 
because  his  data  were  based  largely  on  detailed  areal  work  in  the 
Ellensburg  quadrangle.  The  Ellensburg  folio,&  which  has  recently 
been  published,  affords  a  detailed  description  of  a  region  where  the 
geologic  conditions  are  similar  to  those  of  a  part  of  the  area  described 
in  the  following  pages. 

The  Avriter's  acknowledgments  are  due  to  Mr.  F.  H.  Newell  and  to 
Mr.  George  Otis  Smith  for  suggestions  and  criticisms  in  regard  to  the 
preparation  of  this  report.  For  assistance  in  the  collection  of  well 
data  he  is  indebted  to  a  great  number  of  drillers,  ranchers,  and  others, 
to  mention  all  of  whom  by  name  would  require  too  much  space,  but  to 
whom  he  expresses  thanks  collectively.  He  would,  however,  express 
especial  obligations  to  Mr.  Ralph  Kauffman,  of  Ellensburg,  wTho  fur- 
nished a  large  part  of  the  information  concerning  the  water  resources 
of  Kittitas  Valley. 

GEOGRAPHY. 

TOPOGRAPHY. 

MAIN    TOPOGRAPHIC    DIVISIONS    OF    EASTERN    WASHINGTON. 

The  most  important  topographic  feature  of  Washington  is  the 
Cascade  Range.  This  noble  chain  of  mountains,  beginning  in  north- 
ern California,  extends  north  through  Oregon  and  Washington,  but 
in  the  neighborhood  of  the  forty-ninth  parallel  it  loses  its  mountain- 
ous elevation  and  ruggedness  and  merges  into  a  deeply  dissected  but 
distinctly  lower  plateau.  The  average  elevation  of  the  Cascade  sum- 
mits is  between  6,000  and  7,000  feet,  and  though  comparatively  few 
peaks  rise  above  the  latter  height,  a  large  number  are  more  than  6,000 
feet  high.  A  few  great  extinct  volcanoes,  such  as  the  well-known 
cones  of  Rainier,  Adams,  and  St.  Helens,  covered  with  eternal  snows, 
tower  to  double  the  height  of  the  rest. 


"  Smith,  G.  O.,  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.  : 
Waler-Sup.  and  Irr.  Paper  No.  .">r>.  U.  S.  Geol.  Survey,  1901. 

*  Ellensburg  quadrangle  :  Geologic  Atlas  U.  S.,  folio  86,  U.  S.  Geol.  Survey,  1903. 
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The  region  east  of  the  Cascade  Mountains,  in  which  the  area  con- 
sidered in  this  report  is  embraced,  lies  for  the  most  part  in  that 
broad  topographic  province  known  as  the  Great  Plains  of  the  Colum- 
bia. This  province  may  be  roughly  defined  as  follows:  On  the  south 
and  southeast  its  boundary  is  somewhat  irregularly  marked  by  the 
Blue  Mountains  of  Oregon  and  Idaho,  on  the  east  by  the  Bitterroot 
and  Coeur  d'Alene  ranges,  on  the  north  by  a  mountainous  though 
not  extremely  rugged  region  comprising  the  Okanogan  highlands  and 
the  Colville  Mountains,  and  on  the  west  by  the  Cascade  Mountains, 
which  merge  into  these  highlands. 

The  extensive  area  thus  outlined  is  by  no  means  a  plain  in  the  strict 
sense  of  the  word;  between  its  lowest  and  highest  points  there  is  a 
difference  in  altitude  of  4,000  feet.  It  includes  great  plateau-like 
areas  in  its  eastern  and  northern  portions  and  broad  stretches  of  low- 
lying  sandy  waste  along  the  Columbia  in  southern  Washington  and 
northern  Oregon.  The  level  expanses  are  broken,  moreover,  by  hills 
and  ridges,  usually  of  rather  gently  rounded  profile,  and  the  high 
plateau-like  portions  are  trenched  by  streams  that  have  formed  mag- 
nificent steep-walled  canyons.  But  to  the  traveler  upon  the  broad 
stretches  between  the  streams  the  canyons  are  not  visible  until  he 
reaches  the  brink,  and  the  hills  and  ridges,  not  rising  in  general  to 
great  heights,  are  of  little  importance  in  comparison  with  the  vast 
intermediate  areas,  level  or  but  gently  sloping.  Thus  the  inequalities 
of  the  surface,  while  relieving  the  monotony  of  the  landscape,  do  not 
determine  its  character,  nor  make  its  designation  as  a  great  plain 
seem  inappropriate  to  one  familiar  with  the  region. 

As  the  western  border  of  the  Columbia  Plains  crosses  the  area  with 
which  this  report  is  especially  concerned  it  will  be  necessary  to  make 
some  further  statement  in  regard  to  its  character  and  its  relations 
to  the  Cascade  Mountains. 

The  boundary  between  the  Cascade  Mountains  and  the  plains  varies 
in  sharpness  of  definition.  North  of  Wenatchee  the  division  is  vrvy 
accurately  marked  by  Columbia  River.  West  of  the  profound  canyon 
of  this  river  the  country  is  rugged  and  thoroughly  dissected  by 
streams  that  are  generally  separated  by  sharp,  or  at  least  narrow, 
divides.  On  the  east  the  rim  of  the  canyon  is  the  edge  of  a  plateau 
standing  about  2,000  feet  above  the  river,  and  although  Badger 
Mountain  rises  rather  prominently  above  its  general  level,  and  its 
border  is  notched  by  canyons  tributary  to  the  Columbia,  it  has  the 
general  topographic  character  of  the  Columbia  Plains. 

South  from  Wenatchee  to  Sentinel  Bluffs  the  plains  are  overlooked 
on  the  west  by  Table  Mountain,  which  rises  with  a  somewhat  gentle 
slope  from  the  brink  of  the  river  gorge  to  a  broad  summit  over  5,000 
feet  above  the  level  of  the  sea.  South  of  Table  Mountain,  however, 
the  boundary  between  the  mountains   and   the  plains  becomes  less 
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definite,  and  there  intervenes  a  region  intermediate,  not  only  in  posi- 
tion but  in  topographic  character,  between  the  two  great  provinces  in 
their  typical  aspects. 

This  border  region  is  characterized  by  the  presence  of  many  well- 
defined  ridges,  whose  trend  varies  from  east- west  to  northwest- 
southwest,  and  whose  even  crests  rise  gently  toward  the  west  and 
merge  with  the  Cascade  Mountains  proper,  while  to  the  east  they 
gra dually  sink  and  are  lost  on  the  surface  of  the  plains.  Between 
these  foothin  ridges  there  are  broad  valleys  which,  by  the  aid  of 
irrigation,  have  become  the  richest  farming  lands  of  eastern  Wash- 
ington ;  the  aggregate  area  of  these  valleys,  however,  is  barely  equal 
to  that  of  the  distinctly  hilly  lands.  To  a  traveler  in  the  valleys  the 
landscape  presents  an  aspect  very  similar  to  that  of  the  Columbia 
Plains,  the  resemblance  being  heightened  by  the  fact  that  the  char- 
acter of  the  natural  vegetation  is  similar  in  the  two  regions.  The 
hills  in  the  landscape,  however,  give  it  a  certain  degree  of  contrast 
with  the  more  monotonous  scenery  of  the  plains.  This  borderland 
betAveen  the  plains  and  the  mountains,  therefore,  while  not  very  dis- 
tinctly marked  off  from  either,  is  sufficiently  well  characterized  to 
deserve  recognition  as  a  topographic  province.  It  might  appro- 
priately be  called  the  foothill  region. 

TOPOGRAPHIC    DETAILS. 
KITTITAS    VALLEY. 

The  region  considered  in  this  report  includes  a  portion  of  the 
foothill  region,  but  lies  mainly  in  the  Columbia  Plains. 

Kittitas  Valley  (see  PL  II),  which  forms  the  westernmost  portion 
of  the  area,  is  the  northernmost  of  the  large  foothill  valleys.  The 
broad  floor  of  this  basin-like  depression  contains  an  immense  area 
of  fertile  farm  land.  Its  configuration  is  favorable  to  irrigation 
from  Yakima  River  and  from  its  numerous  small  tributaries  that  flow 
from  the  mountains  west  and  north,  for  there  is  everywhere  a  gentie 
slope  toward  the  principal  stream.  Yakima  River,  however,  does 
not  flow  through  the  valley  from  end  to  end,  but  only  traverses  its 
western  portion  diagonally  and  makes  an  abrupt  exit  through  a 
profound  gorge.  The  southeastern  continuation  of  the  basin  is  with- 
out perennial  streams,  and  since  it  has  a  somewhat  steeper  gradient 
than  the  western  portion,  a  large  part  of  it  can  not  be  irrigated  from 
the  highest  ditch  now  taking  water  from  the  river. 

The  flat  lands  of  Kittitas  Valley  are  separated  by  a  considerable 
stretch  of  hills  from  the  Columbia  Plains. 

THE    DESERT. 

That  portion  of  the  plains  lying  just  east  of  the  Columbia  has  a 
desolate,  almost  desert-like  aspect,  and  will  for  the  sake  of  brevity 
irr  118—05  m 2 
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be  referred  to  as  "the  desert."  The  greater  portion  of  it  is  nearly 
level,  but  its  monotony  is  relieved  by  two  east-west  ridges,  the  most 
prominent  of  which  is  known  as  Saddle  Mountain.  This  straight 
and  simple  ridge  extends  to  a  point  about  40  miles  east  of  the  river, 
where  it  sinks  gradually  to  the  level  of  the  plain.  It  is,  in  fact,  an 
offshoot  from  the  larger  Table  Mountain  uplift,  from  which  it  has 
been  cut  away  by  the  Columbia.  The  basalt  cliffs  known  as  Sentinel 
Bluffs,  forming  the  portals  of  the  gate  which  the  river  has  made 
through  the  ridge,  are  among  the  grandest  .scenic  features  of  the 
region.  Saddle  Mountain  has  a  fairly  gentle  southern  slope,  but  its 
northern  face  is  strikingly  abrupt,  being  for  some  miles  east  of  the 
river  a  precipitous  cliff  more  than  a  thousand  feet  high.  Farther  to 
the  east  this  cliff  gives  way  to  a  rather  steep  slope. 

The  surface  of  the  desert  is  covered  with  a  dry  sandy  soil,  which 
is  constantly  shifted  by  the  winds,  although  its  motion  is  somewhat 
retarded  by  a  scanty  growth  of  shrubs  and  grass.  The  character  of 
the  soil  and  climate  ami  the  absence  of  surface  water  are  conditions 
that  have  prevented  attempts  at  cultivation,  except  along  Columbia 
River  and  Crab  Creek,  though  the  northern  border  of  the  district  is 
dotted  with  the  cabins  of  a  few  homesteaders.  The  greater  portion 
of  the  desert  is  given  over  to  grazing  and  is  without  human  habita- 
tion. 

THE    WHEAT    LANDS. 

Embracing  the  desert-like  area  on  the  north  and  east  is  the  more 
elevated  portion  of  the  Great  Plains  of  the  Columbia,  which  extend 
northward  into  the  so-called  Big  Bend  of  the  Columbia  and  eastward 
into  Idaho.  The  topographic  character  of  the  part  south  of  upper 
Crab  Creek  is  that  of  a  plateau  dissected  by  canyons.  North  of 
Crab  Creek  there  is  a  ridge,  whose  cross  profile  is  that  of  a  broad, 
flat  arch  forming  the  south  side  of  a  valley  with  gently  sloping  sides. 
The  two  last-mentioned  features  are  terminated  to  the  west  by  the 
Grand  Coulee,  beyond  which  rises  an  elevation,  plateau-like  in  charac- 
ter, but  considerably  ravined  and  with  no  very  broad  level  areas. 

These  plateau-like  portions  of  the  Columbia  Plains  are  fitted  by 
natural  conditions  to  wheat  growing,  and  have  a  considerable  and 
an  increasing  farming  population.  They  will  be  referred  to  gener- 
ally in  the  following  pages  as  the  "  wheat  lands." 

DRAINAGE. 

Columbia  River. — The  master  stream  of  the  region  is  the  Colum- 
bia. Despite  its  great  volume,  this  river  contributes  little  to  the  eco- 
nomic resources  of  east-central  Washington.  It  has  several  rapids 
in  its  course  through  the  region,  among  them  being  Priest  Rapids, 
which  can  not  be  ascended  by  steamers  except  with  great  danger  and 
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difficulty.  These  rapids  extend  for  about  7  miles  and  consist  of  7 
"ripples;"  at  the  foot  of  the  last  one  the  river  is  deflected  by  a 
ridge  having  a  bold  cliff  for  its  northern  face,  along  which  it  flows 
for  several  miles.  The  fatal  obstacle  to  the  use  of  the  Columbia  waters 
for  irrigation  lies  in  the  fact  that  the  stream  flows  in  a  canyon  with 
fairly  abrupt  Avails,  sunk  from  800  to  1,000  feet  below  the  broad,  flat 
stretches  to  the  east,  and  that  its  gradient,  though  fairly  high  consid- 
ering the  volume  of  its  flow,  is  much  lower  than  that  of  the  rivers  in 
the  foothill  region,  so  extensively  used  for  irrigation. 

Crab  Creek. — The  large  area  of  the  Columbia  Plains  embraced  in 
the  great  sweep  of  the  river,  bounded  on  the  north  and  west  by  the 
Columbia,  on  the  south  by  Snake  River,  and  on  the  east  by  the  one 
hundred  and  eighteenth  meridian,  has  only  very  insignificant  surface 
streams,  the  only  one  that  maintains  a  perennial  flow  along  the 
greater  portion  of  its  channel  being  Crab  Creek,  which  rises  in  the 
vicinity  of  Davenport,  Wash.,  at  an  elevation  of  about  2,500  feet. 
Its  total  length,  neglecting  minor  curves  and  including  the  lakes  in 
its  course  and  the  stretches  where  it  flows  beneath  the  alluvium  in 
the  bottom  of  its  canyon,  is  about  250  miles,  about  the  same  as  that 
of  Yakima  River.  Its  course  through  this  region  is  readily  divisible 
into  three  parts.  The  first  and  longest  of  these,  in  which  the  general 
direction  of  the  stream  is  nearly  from  east  to  west,  may  be  designated 
upper  Crab  Creek.  The  surface  flow  is  perennial  along  the  greater 
part  of  this  stretch,  though  at  the  time  of  the  writer's  visit  the 
channel  was  dry  from  an  unknown  distance  above  Odessa  to  a  point 
about  3  miles  below,  where  the  stream  emerges  from  the  gravels  in 
considerable  volume.  It  sinks  again  below  Wilson  Creek,  to  rise- 
near  the  head  of  Moses  Lake,  which  probably  owes  its  existence 
to  the  formation  of  a  range  of  sand  dunes  across  the  ancient  channel 
of  the  creek.  The  dam  thus  formed,  however,  is  a  leaky  one,  and 
the  waters  seep  through,  to  gather  below,  forming  a  stream  perhaps 
slightly  diminished  from  its  former  volume  by  evaporation  in  the 
lake.  This  southward-flowing  portion  of  the  stream  may  be  desig- 
nated middle  Crab  Creek.  About  15  miles  below  the  lake  the  stream 
again  takes  a  westerly  direction,  flowing  in  a  broad-bottomed,  steep- 
walled  canyon.  At  some  point  near  the  middle  of  this  lower  course 
Crab  Creek  sinks  finally,  and  delivers  no  surface  water  to  the  Colum- 
bia at  the  mouth  of  its  canyon.  This  west-flowing  section  of  the 
stream  may  be  designated  lower  Crab  Creek. 

Coulees. — Crab  Creek  has  only  a  few  branches  that  contribute  to 
its  surface  flow  throughout  the  year  and  a  few  more  that  flow  during 
the  rainy  season,  but  it  has  a  great  number  of  tributary  canyons  which 
are  perfectly  dry  except  at  periods  of  unusually  heavy  rainfall.  Many 
of  these  are  scores  of  miles  in  length  and  of  corresponding  width  and 
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depth.  These  canyons,  dry  or  containing  only  small  streams  dispro- 
portionate to  their  size,  are  known  as  coulees.  They  have  all  the  topo- 
graphic characters  of  stream-carved  valleys,  but  it  is  evident  that  they 
could  not  have  been  formed  by  stream  erosion  under  present  condi- 
tions. Their  origin  must  be  referred  to  a  prehistoric  period  in  which 
the  region  had  an  abundant  rainfall  and  was  well  watered  by  surface 
streams.  These  branching  systems  of  dry  canyons  represent  ancient 
river  systems. 

The  most  important  of  the  branches  of  the  ancient  Crab  Creek 
system,  except  Grand  Coulee,  whose  peculiar  history  separates  it  from 
the  others,  is  Lind  Coulee,  in  which  the  Northern  Pacific  Railway 
runs  from  Providence  to  Ritzville. 

Providence  Coulee,  in  which  Hatton,  Scott,  and  Council  are  situ- 
ated, is  now  devoid  of  flowing  water,  though  it  once  formed  the  trunk 
of  a  river  system  almost  as  considerable  as  that  for  which  Crab 
Creek  is  the  master  stream. 

Of  all  the  abandoned  canyons  of  the  Columbia  Plains,  however,  the 
greatest  and  most  remarkable  is  Grand  Coulee.  Not  only  does  it 
possess  many  features  of  scenic  grandeur,  but  its  geologic  history  is  of 
the  highest  interest.  This  great  chasm  was  carved  by  Columbia 
River  at  a  time  when  its  profound  gorge  was  dammed  by  a  great  ice 
lobe  that  came  down  the  valley  of  the  Okanogan  and  pushed  south- 
ward some  30  miles  across  the  plateau  south  of  the  master  stream. 
The  waters  of  the  Columbia,  deflected  by  the  great  glacier,  flowed 
along  its  eastern  face,  and,  continuing  southward  in  what  is  now  the 
bed  of  Crab  Creek,  regained  their  proper  channel  just  above  Sentinel 
Bluffs. 

Opening  from  the  canyon  of  the  Columbia  near  the  northwest  cor- 
ner of  Lincoln  County,  the  Grand  Coulee  extends  in  a  southwesterly 
direction  for  over  30  miles.  Throughout  the  greater  portion  of  this 
distance  it  is  a  wide,  flat-bottomed  canyon,  walled  by  cliffs,  but  a 
little  south  of  its  middle  point  its  western  wall  subsides  and  it  is 
joined  by  a  broad  valley  with  gently  sloping  sides.  Opposite  the 
mouth  of  this  valley  a  plateau  rises  nearly  a  thousand  feet  above  the 
bottom  of  the  coulee,  but  the  ascent  to  this  upland  is  made  on  a  mod- 
erate slope  unbroken  by  cliffs.  This  break  in  the  walls  of  the  chasm, 
constituting  the  only  point  where  the  Grand  Coulee  proper  can  be 
crossed  by  a  wagon,  has  determined  the  location  of  the  small  town 
known  as  Coulee  City.  Above  this  middle  pass  the  coulee  bottom, 
partly  covered  by  alkaline  lakes  and  playas,  is  about  H  miles  wide, 
with  basalt  cliffs  which  rise  on  either  side  to  a  height  of  about  400  feet. 
Two  miles  below  the  town  the  bottom  of  the  canyon  abruptly  drops, 
and  two  amphitheaters,  separated  by  a  narrow  point  and  walled  by 
vertical  cliffs  -100  feet  in  height,  mark  the  place  where  the  Columbia 
once  poured  in  a  mighty  cataract. 
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The  gorge  extends  southward  1  T>  miles  farther.  The  eastern  wall 
of  this  lower  seel  ion  does  not  rise  much  higher  than  the  level  of  Cou- 
lee City,  but  its  western  side  maintains  a  commanding  elevation  and 
forms  a  frowning  escarpment  visible  for  many  leagues  to  the  south 
and  east.  The  coulee  finally  opens  out  in  the  northeastern  portion  of 
the  desert  upon  a  gravel  plain,  the  surface  being  higher  than  that  of 
Soap  Lake,  the  southernmost  of  the  chain  that  lies  in  the  deep  chasm. 
Beneath  the  mantle,  of  surface  material,  however,  the  rocky  channel 
probably  persists,  and  is  continued  in  the  depression  occupied  by 
Moses  Lake  and  Crab  Creek. 

Lakes. — Lakes,  generally  shallow  and  of  small  extent,  are  very 
numerous  in  the  northern  portion  of  the  region.  They  are  invariably 
situated  in  coulees,  their  basins  having  been  formed  by  the  erosion  of 
former  streams  or  dammed  by  wind-blown  materials.  They  are, 
therefore,  usually  elongated  in  form  and  separated  by  stretches  of 
dry  or  meadowy  land;  often  they  are  disposed  in  chains.  The  most 
important  series  in  this  region  is  that  which  lies  in  the  bottom  of  the 
Grand  Coulee.  In  this  chain  we  may  include  Moses  Lake,  the  largest 
sheet  of  water  in  the  Columbia  Plains. 

The  majority  of  the  lakes  in  this  arid  region  have  no  outlets,  while 
others  overflow  only  in  the  rainy  season.  As  a  consequence,  the  small 
amounts  of  salts  contained  in  all  surface  waters  are  concentrated  in 
the  lake  basins  by  evaporation,  and  a  majority  of  the  lakes  are  more 
or  less  alkaline,  Moses  Lake  containing  about  0.32  gram  of  total  solids 
per  liter  of  water.'7 

The  lakes  in  the  lower  section  of  the  Grand  Coulee  are  successively 
higher  from  south  to  north,  and  the  northern  lakes  occasionally  over- 
flow to  the  south  at  seasons  of  high  water.  It  follows  that,  while  the 
water  of  the  northernmost  of  these  lakes  is  comparatively  fresh  and 
palatable,  the  waters  of  the  others  become  successively  more  alkaline 
to  the  south.  Soap  Lake,  the  most  southerly,  is  extremely  alkaline; 
its  waters  when  they  lap  against  the  shores  on  windy  days  are  beaten 
into  great  masses  of  white  foam  like  soap  suds.  The  alkalinity  of 
the  lake  is  further  shown  by  the  soapy  feeling  observed  on  rubbing 
the  hands  in  its  water  and  by  its  bitter  taste,  so  strong  and  disagree- 
able that  it  is  refused  by  a  thirsty  horse  accustomed,  to  more  pala- 
table water.  The  cattle  of  the  neighborhood,  howTever,  constrained 
by  necessity,  have  overcome  this  natural  repugnance  and  the  lake  is 
a  drinking  place  for  a  large  number  of  them. 

Soap  Lake  contains  28  parts  in  1,000  of  matter  in  solution,  consist- 
ing essentially  of  carbonates,  sulphates,  chlorides,  and  bicarbonate 
of  soda.b 

«  Ann.  Kept,  iiepl.  Survey  of  Washington,  vol.  1,  1901,  p.  294.  b  Ibid.,  p.  295. 
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Sulphur  Lake,  in  Washtucna  Coulee,  is  another  pond  in  which  the 
water  is  an  extremely  concentrated  alkaline  solution. 

In  this  connection  should  be  mentioned  the  numerous  w%  alkali  flats  " 
or  play  as,  which  are  ponds  during  a  portion  of  the  year,  but  become 
dry  every  summer,  and  which  have  their  supply  of  salts  annually 
increased  by  the  amount  held  in  solution  by  the  waters  that  flow  into 
them  during  the  rainy  season. 

A  typical  coulee,  containing  small  lakes,  is  shown  on  PI.  TIT,  A. 

CLIMATE. 

The  most  characteristic  climatic  features  of  eastern  Washington  are 
due  to  the  fact  that  the  region  is  separated  from  the  ocean  by  a  broad 
belt  of  fairly  high  mountains.  The  great  influence  of  the  Cascade 
Range  is  rendered  manifest  by  the  sharp  contrast  that  obtains  between 
the  climates  of  eastern  and  western  Washington.  The  region  on  the 
seaward  side  of  these  mountains  has  a  climate  that  is  remarkably  mild, 
considering  the  rather  high  northern  latitude,  and  that  is  without 
extremes  of  heat  or  cold.  The  most  characteristic  feature,  however, 
is  its  extreme  humidity.  The  eastern  part  of  the  State,  on  the  con- 
trary, being  removed  from  the  tempering  influence  of  the  ocean  and 
the  warm  Japan  Current,  which  flows  along  the  north  Pacific  coast, 
has  the  wide  range  of  temperature  that  is  characteristic  of  the  climate 
of  interior  regions.  The  winds  of  the  Pacific,  which  supply  the 
abundant  rainfall  of  the  Sound  country,  can  not  cross  the  broad  Cas- 
cade Range  without  losing  the  greater  portion  of  their  moisture  by 
condensation  in  the  form  of  rain  or  snow,  and  the  climate  of  eastern 
Washington  is  therefore  as  decidedly  arid  as  that  of  western  Wash- 
ington is  humid. 

The  average  yearly  rainfall  in  Kittitas  Valley,  as  deduced  from 
Weather  Bureau  statistics  covering  many  years,  is  approximately  8 
inches.  For  other  localities  in  the  area  with  which  we  are  directly 
concerned  there  are  only  the  most  fragmentary  records.  At  Lind,  in 
the  wheat  lands,  the  observations  for  L898  and  1899  show  a  total  for 
each  year  of  about  12  inches.  Incomplete  records  at  Ritzville  during 
the  same  years  apparently  indicate  an  annual  average  about  equal  to 
or  slightly  less  than  that  of  Ellensburg.  At  Coulee  City  the  scanty 
data  indicate  an  annual  rainfall  not  far  different  from  that  of  Ritz- 
ville. At  Connell,  in  the  southeast  quarter  of  the  area  considered,  the 
precipitation  in  1900 -was  2.29  inches  for  all  of  the  year  except  April 
and  November;  in  1899,  2.24  for  all  except  January,  February,  and 
March.  These  figures  indicate  that  the  mean  precipitation  at  that 
locality  is  extremely  low,  probably  not  above  5  inches  per  annum. 
Although  figures  are  lacking  for  what  has  been  termed  the  desert, 
its  general  aspect  indicates  that  its  annual  rainfall  probably  does  not 
average  more  than  that  of  the  vicinity  of  Connell. 
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The  seasonal  distribution  of  the  precipitation  is  very  character- 
istic; as  in  all  the  far  West,  there  is  a  wet  season  and  a  dry  season. 
By  far  the  greater  portion  of  the  annual  supply  of  rain  and  snow 
falls  between  October  1  and  May  31.  The  precipitation  is  for  the 
most  part  in  the  form  of  gentle  rain,  which  is  generally  almost  en- 
tirely absorbed  without  considerable  loss  by  run-off.  The  amount 
of  snowfall  in  winter  is  often  fairly  large,  however,  and  the  drifts 
are  often  sufficiently  deep  on  the  hills  to  obstruct  travel  from  Kittitas 
Valley  to  the  Columbia. 

The  mean  annual  temperature  at  Ellensburg  is  approximately 
48°.  For  localities  in  that  portion  of  the  area  considered  which  lies 
in  the  Columbia  Plains  very  scanty  records  are  available.  In  1899, 
when  the  annual  average  for  Ellensburg  was  4G.5°,  that  for  Lind 
was  50.2°.  It  may  be  safely  asserted  that  the  average  temperature 
for  the  eastern  part  of  the  area  is  slightly  above  that  for  Kittitas 
Valley,  and  probably  not  far  from  50°.  The  range  of  temperature, 
as  mentioned  before,  is  high,  the  greatest  variation  noted  being  in 
the  Weather  Bureau  record  for  Lind  during  1899,  when  the  maxi- 
mum was  112°  and  the  minimum  — 33°.  The  temperature  at  Ellens- 
burg, however,  generally  keeps  within  the  limits  +96°  and  — 15°, 
while  in  the  lower  portions  of  the  Columbia  Plains  both  limits  are 
somewhat  higher.  The  figures  giving  the  dates  between  the  last 
killing  frost  in  spring  and  the  first  in  autumn  are  of  considerable 
interest  to  students  of  agricultural  conditions.  The  last  spring  frost 
usually  occurs  in  the  latter  part  of  May,  but  has  been  known  to  be 
deferred  until  early  in  June.  The  first  severe  frost  of  autumn 
usually  falls  near  October  1,  but  occurred  at  Ellensburg  on  Septem- 
ber 9  in  the  unusually  severe  year  of  1895.  The  lateness  of  spring- 
frosts  is  inimical  to  the  culture  of  such  fruits  as  peaches,  cherries, 
and  apricots. 

VEGETATION. 

The  natural  vegetation  of  central  Washington  is  chiefly  influenced 
in  its  broad  variations  by  climatic  conditions.  The  only  great 
forested  area  in  the  region  here  considered  is  on  Table  Mountain, 
whose  height  gives  it  a  much  moister  and  cooler  climate  than  that  of 
most  of  the  region.  The  Columbia  Plains  and  the  comparatively 
low  foothills  are  almost  treeless,  though  Yakima  River  and  certain 
small  streams  are  bordered  with  a  more  or  less  considerable  growth 
of  trees  and  shrubbery.  The  treeless  regions  are  clothed  with  a 
scanty  vegetation  composed  of  hardy  grasses  and  shrubs,  whose  gen- 
eral aspect  would  be  familiar  to  anyone  acquainted  with  the  arid 
regions  of  the  West.  In  addition  to  the  important  influences  of 
climate  and  water  supply,  soil  conditions  cause  more  local  and  less 
conspicuous  variations  in  the  flora. 
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The  forest  that  clothes  the  top  of  Table  Mountain  comprises  many 
species  of  fir,  spruce,  pine,  and  tamarack.  In  the  sparse  growth  of 
its  lower  slopes  the  prevailing  species  is  the  yellow  pine.  The  woody 
growth  that  borders  the  Yakima  includes  many  large  trees,  mainly 
cottonwood  and  alder,  with  a  sprinkling  of  yellow  pine  and  a  dense 
undergrowth  of  willows  and  other  shrubbery.  East  of  Kittitas  Valley 
there  are  few  plants  worthy  to  be  called  trees.  The  small  streams 
and  springs  are  fringed  with  a  more  or  less  scattered  growth  of  wil- 
low, birch,  and  wild  cherry.  The  Columbia's  banks  are  destitute  of 
trees  except  for  a  few  small  junipers  growing  on  its  flood  plain. 

On  the  Columbia  Plains  and  the  southeastern  foothills,  almost 
desert-like  in  their  aspect,  the  characteristic  species  are  sagebrush 
and  bunch  grass,  occurring  in  variable  proportions.  Sagebrush  is 
moderately  plentiful  in  all  the  western  part  of  the  region  exclusive 
of  the  forested  areas,  attaining  perhaps  its  greatest  size  and  abun- 
dance in  the  central  portion,  near  the  boundary  between  the  desert 
and  the  wheat  lands.  Eastward  it  diminishes,  growing  rather  sparsely 
about  Council,  Ritzville,  and  the  other  towns  along  the  Northern 
Pacific  Railroad.  Bunch  grass  was  seen  in  greatest  luxuriance  where 
the  sagebrush  is  least  abundant,  but  as  it  had  there  been  protected  for 
some  years  by  fencing,  it  is  difficult  to  say  where  it  grew  thickest 
before  the  land  was  -wept  by  grazing  herd-. 

The  local  variations  of  flora,  determined  by  the  character  of  the 
soils,  are  of  considerable  interest.  In  the  sandy  western  portions  of 
the  plains,  for  example,  while  the  general  aspect  is  similar  to  that 
of  the  typical  sagebrush  land,  the  shrubs  are  mainly  of  species  other 
than  the  true  sage,  and  the  true  bunch  grass  is  replaced  by  species 
more  adapted  to  survive  in  this  very  dry  soil.  In  the  coulee  bottoms 
other  peculiar  conditions  have  an  equally  decided  influence  on  vegeta- 
tion. The  borders  of  the  fresh-water  ponds  support  a  growth  of 
tules.  The  meadow  lands  are  covered  with  wild  grasses,  the  short 
stiff-bladed  salt  grass  being  characteristic  of  the  more  alkaline  soil. 
In  soil  that  is  alkaline  but  (\v\  rye  grass  and  greasewood,  or  thorny 
sage,  form  the  principal  growth.  The  character  of  the  vegetation 
thus  affords  an  index  of  the  agricultural  properties  of  the  soil. 

GRAZING. 

The  early  settlers  found  eastern  Washington  a  rich  grazing  region. 
The  natural  growth  of  nutritious  bunch  grass  was  so  abundant  that 
winter  feeding  often  could  be  dispensed  with  and  cattle  and  horses 
wintered  on  the  open  range,  though  there  was  doubtless  great  hard- 
ship and  frequent  death  from  cold  in  the  more  inclement  winters.  In 
the  eastern  portion,  however,  there  was  always  the  great  drawback 
common  to  so  many  of  the  western  ranges,  of  scanty  water  supply, 
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and  during  the  hot  months  the  necessity  of  keeping  within  a  moder- 
ate distance  of  water  prevented  the  stock  from  availing  themselves 

of  the  entire  grazing  area. 

Since  the  early  days,  however,  the  range-  of  east  Washington  have 
greatly  deteriorated.  In  this,  as  in  most  other  western  grazing 
regions,  the  forage  plant-  have  been  eaten  down  so  constantly  that 
the  forces  of  growth  haw  been  unable  to  compensate  for  the  continual 
loss,  and  the  evils  of  overgrazing  have  conspired  with  the  encroach- 
ment of  other  agricultural  industries  to  cause  a  decline  in  the  extent 
and  profitableness  of  the  stock  business.  In  consequence  of  the  last- 
named  cause  the  area-  devoted  to  open  grazing  have  been  reduced  to 
include  only  the  land-  unfitted  by  their  topography,  the  nature  of 
their  soil,  or  the  insufficiency  of  their  water  for  the  growth  of  hay. 
grain,  and  other  crops. 

The  most  important  of  the  area-  -till  devoted  to  grazing  are  the 
hills  and  the  desert. 

The  rolling  hills  in  the  southwest  part  of  the  region  and  the  slopes 
of  Table  Mountain  constitute  a  large  and  important  stock  range. 
They  have  few  level  tract-  extensive  enough  for  economical  cultiva- 
tion, and  the  soil  is  generally  thin  and  interrupted  by  patches  of  bar- 
ren rock.  In  a  state  of  nature  the  hill-  were  abundantly  clothed  with 
bunch  grass,  and  >till  afford  excellent  pasture  where  excessive  graz- 
ing has  not  occurred.  Springs  and  rivulets,  though  not  abundant, 
are  plentiful  enough  to  render  the  greater  part  of  the  grass  available 
to  the  stock. 

The  second  great  stock  range  is  coextensive  with  what  we  have 
termed  the  desert,  where  the  sandy  character  of  the  -nil.  combined 
with  great  aridity  of  climate,  seems  to  forbid  the  hope  of  dry  farm- 
ing, and  where  there  i-  no  water  for  irrigation.  "Watering  place-  are 
here  few  and  far  between.  In  the  northeast  quarter  the  grazing 
animals  resort  principally  to  Moses  Lake:  farther  south,  and  near 
the  eastern  limit  of  the  range,  to  Skuten  Spring- :  in  the  central  por- 
tion of  the  de-ert.  to  lower  and  middle  Crab  Creek:  and  along  the 
south  and  west  edges,  for  the  most  part,  to  Columbia  River,  although 
in  the  northwestern  portion,  where  the  stream  i-  bordered  by  lofty 
basalt  dill's,  they  resort  in  part  to  >pring>.  The  dispersion  of  drink- 
ing places,  as  an  inspection  of  the  map  will  -how.  i-  so  great  that 
there  are  spots  that  lie  many  mile-  from  any  surface  water. 

The  effects  of  excessive  grazing  are  first  felt  in  the  area-  near 
springs  and  streams,  a  fact  strikingly  evident  to  every  traveler  in 
this  desert-like  region.  Along  the  borders  of  the  streams  there  are 
broad  stretches,  often  many  miles  across,  where  the  bunch  grass  has 
been  eaten  down  to  nearly  complete  extermination.     Farther  back 
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from  water  the  grass  is  much  less  closely  cropped,  and  there  are  areas 
that  seem  to  lie  almost  untouched  from  year  to  year. 

There  is  another  way  in  which  the  hard  conditions  of  life  on  the 
range  are  forced  upon  the  attention  of  the  traveler.  He  will  soon 
notice  that  the  plain  is  traversed  by  numberless  straight,  deep- worn 
trails,  and  further  observation  will  show  that  they  are  arranged  in 
systems,  converging  toward  points  on  the  borders  of  a  stream  canyon 
or  of  some  coulee  in  whose  depths  there  is  a  spring  or  lake.  Follow- 
ing a  trail  in  the  direction  of  water,  he  will  find  the  minor  paths 
gathering  together  as  do  the  branches  of  a  river  system,  to  unite 
finally  in  a  broad,  well-beaten  track  that  passes  down  some  gully 
affording  a  graded  route  to  the  drinking  place.  A  thirsty  animal 
at  any  point  in  the  arid  range,  by  merely  falling  into  the  nearest  trail 
and  following  it  to  the  end,  may  generally  make  his  way  to  water  by 
the  shortest  possible  route.  A  frequent  and  impressive  sight  is  that 
of  a  band  of  horses  on  the  way  to  a  drinking  place,  following  a  trail 
in  single  file  and  moving  at  a  swinging  trot  or  easy  lope  in  order  to 
consume  a  minimum  of  time  in  the  necessary  quest  for  the  refreshing 
element.  In  the  dry  season  this  journey  must  be  made  daily,  but  in 
the  other  months,  when  the  demands  of  nature  are  less  and  are  partly 
supplied  by  snow  and  the  rain  absorbed  by  the  dry  grass,  the  stock 
may  abstain  from  drinking  for  several  days  at  a  time. 

Since  the  horse  can  cover  more  ground  and  can  afford  the  time  to 
make  longer  journeys  to  water,  the  excessive  restriction  of  the  range 
has  been  more  prejudicial  to  cattle  than  to  horses,  and  horses  have 
therefore  become  much  more  numerous  than  cattle  upon  the  open 
range. 

Two  minor  classes  of  range  land  remain  to  be  noticed.  The  first 
comprises  the  slopes  bordering  the  coulees  of  the  wheat  lands. 
Broken  by  terraces  and  by  outcrops  of  basalt,  they  are  unsuited  for 
grain  culture,  but  bear  a  considerable  growth  of  bunch  grass.  In  the 
aggregate  these  lands  constitute  a  large  area  adapted  for  grazing,  and 
one  that  probably  never  can  be  available  for  any  other  use. 

The  second  class  comprises  certain  narrow  strips  lying  along  rivers 
and  lakes  and  watered  by  their  underflow  or  seepage.  The  gravelly 
flood  plain  of  the  Columbia  supports  in  places  a  scanty  growth  of 
lupine  and  other  weeds  that  are  eaten  by  cattle.  The  horses  prefer 
to  range  back  where  the  forage,  though  less  palatable  than  tlii: 
verdant  growth,  can  be  gathered  more  rapidly,  and  thus  the  green 
fodder  is  left  to  the  sluggish  cattle.  More  important,  however,  are 
the  natural  meadows  that  border  Crab  Creek  and  some  of  its  trib- 
utaries, with  certain  of  the  desert  lakes.  These  meadows  are  covered 
with  abundant  grass,  and  the  generous  growth  has  led  to  their  being 
appropriated,  fenced  off,  and  used  for  pasturing  and  hay  growing. 
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AGRICULTURE. 

GE  NERAL    STATEMENT. 

In  the  early  days  of  settlement  the  sole  agricultural  pursuit  of 
eastern  Washington  was  grazing  on  the  open  range.  Owing,  how- 
ever, to  natural  laws  of  development,  this  industry  has  been  dis- 
placed to  a  large  extent  by  others  which  involve  the  tilling  of  the  soil, 
and  which,  while  yielding  immensely  greater  returns,  acre  for  acre, 
than  grazing,  require  less  capital  than  is  required  for  the  inception  of 
a  profitable  stock-raising  business.  The  directions  of  this  later  devel- 
opment have  differed  in  Kittitas  Valle}7  and  on  the  Columbia  Plains. 
This  fact,  while  due  in  part  to  differences  in  soil  and  climate,  depends 
in  a  far  higher  degree  on  the  conditions  of  water  supply.  Kittitas 
Valley  is  an  irrigated  region,  while  on  by  far  the  greater  part  of  the 
Columbia  Plains  dry  farming  alone  is  practicable.  While  the  dis- 
cussion of  open  grazing,  therefore,  has  been  made  general  for  the 
entire  region,  the  other  agricultural  industries  must  be  described 
separately  for  Kittitas  Valley  and  the  plains. 

THE    COLUMBIA    PLAINS. 
NATURAL    CONDITIONS. 

The  cultivated  portion  of  the  Columbia  Plains  may  be  classified 
as  plateau  lands,  meadow  lands,  and  bench  lands. 

By  far  the  most  important  in  extent  are  the  plateau  lands,  com- 
prising the  broad,  level  upland  areas.  The  important  natural  condi- 
tions influencing  agriculture  upon  the  plateaus  are  (1)  an  arid  cli- 
mate, (2)  absence  of  surface  water  for  irrigation,  and  (3)  a  soil  easily 
tilled,  fertile,  and  peculiarly  adapted  to  retaining  and  utilizing  the 
scanty  precipitation.  The  soil  of  the  plateau  lands  is  shown  by 
chemical  analysis  to  abound  in  the  elements  necessary  to  support 
plant  life.  Its  peculiar  virtues,  however,  are  probably  due  less  to  its 
chemical  than  to  its  physical  properties,  its  fine  open  texture  render- 
ing the  plant  food  readily  available  and  its  friable  character  and 
freedom  from  stones  making  it  very  easy  to  till.  Probably  most 
important  of  all,  however,  is  its  behavior  toward  water.  On  the  one 
hand,  it  is  so  porous  that  rain  or  melted  snow  is  quickly  absorbed  by 
it,  so  that  a  smaller  proportion  is  lost  by  run-off  or  by  evaporation 
from  puddles  than  would  be  lost  if  it  were  more  clayey  and  imper- 
vious, and,  on  the  other  hand,  it  is  not  loose  enough  to  allow  the  water 
to  sink  rapidly  and  become  unavailable,  as  it  does  in  a  deep  sandy  soil. 
The  spaces  between  the  particles  of  the  fine  loam  are  so  small  that 
the  water  is  held  in  them  by  adhesion  or  capillary  attraction,  and 
yields  to  the  force  of  gravity  only  slowly  and  to  a  comparatively 
small  extent.  Therefore  a  large  proportion  of  the  slight  precipita- 
tion is  kept  sufficiently  near  the  surface  to  be  used  by  the  growing 
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wheat,  and  successful  grain  culture  is  possible  with  a  rainfall  that 
would  be  insufficient  in  a  soil  of  less  advantageous  physical  consti- 
tution. Dry  farming  of  grain  is  the  industry  found  most  profitable 
under  these  conditions,  and  absorbs  by  far  the  greatest  part  of  the 
energies  of  the  farming  population  in  this  district,  as  well  as  in  east- 
ern Washington  generally. 

Far  less  in  area  than  the  grain  lands  are  the  meadows  of  Crab 
Creek,  Grand  Coulee,  and  Harrison  Springs,  characterized  by  heavy, 
moist,  generally  alkaline  soils,  and  chiefly  devoted  to  hay  and  pasture. 

The  bench  lands  comprise  a  comparatively  small  area  on  the  ter- 
races of  Columbia  River,  where  the  sandy  alluvial  soil  is  irrigated 
with  river  water  and  produces  a  variety  of  crops. 

DEVELOPMENT. 

Grain  culture. — The  invasion  of  the  land  by  the  wheat  industry 
has  proceeded  from  the  northeast.  The  settlement  of  the  district 
about  Ritzville,  the  thriving  county  seat  of  Adams  County,  dates  back 
nearly  a  score  of  years,  and  the  well-tilled  farms,  the  numerous  small 
but  flourishing  orchards,  and  the  substantial  farm  buildings  give  this 
vicinity  a  gratifying  aspect  of  prosperity.  The  villages  on  the  North- 
ern Pacific  Railroad  southwest  of  Ritzville  and  along  the  (Treat 
Northern  are  lively  and  growing,  but  glaringly  new,  and  the  hastily 
constructed,  often  unpainted  frame  house  is  the  prevailing  architec- 
tural type.  The  whole  aspect  of  the  country  also  speaks  of  its  recent 
settlement.  In  the  vicinity  of  Connell  a  large  proportion  of  the 
wheat  land  has  been  broken  in  the  past  year,  and  many  sections,  pro- 
tected from  grazing  by  fences,  still  bear  an  abundant  growth  of 
bunch  grass. 

To  the  west  also  the  frontier  of  the  wheat  belt  is  being  pushed 
to  the  border  of  the  desert.  The  land  is  dotted  with  the  board  shan- 
ties of  homesteaders  and  with  newly  plowed  squares  that  break  the 
surface  of  the  virgin  ground.  The  clearing  away  of  the  strong  and 
abundant  sagebrush  of  this  district  preliminary  to  the  first  sowing- 
is  no  small  task,  and  many  entire  families  are  to  be  seen  engaged 
in  uprooting  the  shrubs,  collecting  them  in  wagons,  and  feeding  them 
to  blazing  bonfires.  The  wholesale  destruction  of  the  brush  is  rather 
to  be  deplored,  for  the  roots  and  lower  stalks  are  used  as  fuel  in  many 
homes,  and,  while  far  from  ideal  for  this  purpose,  must  be  of  con- 
siderable value  in  a  region  where  wood  is  so  difficult  to  obtain. 

The  earlier  settlement  of  the  northeastern  part  of  this  region  is  not 
due  to  chance  alone,  but  in  part  to  better  natural  conditions,  the 
greater  rainfall  giving  this  section  a  natural  advantage  over  the  coun- 
try to  the  southwest,  The  appearance  of  the  stubble  after  the  fall 
harvest,  as  well  as  general  report,  indicates  that  it  is  superior  in 
natural   productiveness   to   the   more    arid    districts.     Part   of   the 
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apparent  superiority  is  doubtless  due  to  long  cultivation  of  the  land, 
for  the  best  results  are  not  obtained  until  about  three  years  after  the 
first  breaking,  when  the  roots  of  the  sagebrush  and  bunch  grass  arc 
quite  decomposed.  But  after  making  all  allowances  it  still  seems 
unreasonable  to  expect  as  good  returns  in  the  recently  settled  districts 
to  the  south  and  west  as  from  the  older  land,  where  crops  may  suffer 
heavily  in  years  of  especially  light  rainfall. 

Exact  data  concerning  the  yield  of  wheat  are  difficult  to  obtain, 
but  the  general  run  of  crops  appears  to  be  from  16  to  25  bushels  per 
acre.  Extremely  large  yields  are  not  necessary  for  profitable  culture, 
for  the  land  is  low  in  price  and  so  easily  worked  that  the  cost  of  cul- 
tivation is  much  less  than  in  heavier  lands.  It  seems  necessary,  how- 
ever, to  work  a  considerable  holding,  and  the  ranches  are  probably  in 
a  majority  of  cases  a  section  or  more  in  area.  The  advantages  of 
close  settlement  and  small  farms  will  perhaps  never  be  attained. 

Forage  growing. — An  important  adjunct  to  the  grazing  industry 
is  the  culture  of  hay  for  winter  feeding.  There  are  numerous 
farms  along  upper  and  middle  Crab  Creek  where  hay  is  gathered 
from  the  meadows,  the  crop  being  stored  in  large  stacks  and  the 
mown  fields  used  as  pastures  for  some  time  after  harvest.  The 
greater  portion  of  this  hay  is  fed  on  the  ranches,  for  Avhile  a  minor 
quantity  is  hauled  to  villages  in  the  wheat  lands  it  can  hardly  com- 
pete successfully  with  wheat  hay  and  hay  imported  from  the  irri- 
gated districts  to  the  west.  Unfortunately,  the  strongly  alkaline 
character  of  the  soil  is  fatal  to  the  better  forage  plants,  and  the  crop 
is  of  wild  hay,  very  inferior  in  nutrient  qualities  to  timothy,  clover, 
or  alfalfa.  One  hay  ranch,  perhaps  the  most  important  seen  during 
this  reconnaissance,  is  located  on  spring-watered  land  at  the  foot  of 
Priest  Rapids.  At  this  locality  the  excessive  moisture  of  the  soil  is 
prejudicial  to  domesticated  grasses,  though  they  have  gradually  been 
introduced  to  a  slight  extent,  and  the  quality  of  the  crop  is  thereby 
improved. 

Horticulture. — Though  horticulture  in  this  portion  of  the  State 
is  not  an  important  industry,  orchards  for  supplying  the  needs 
of  a  household  are  very  generally  to  be  found  on  the  older  ranches, 
and  larger  ones  are  fairly  numerous  in  the  neighborhood  of  Ritz- 
ville.  Two  were  seen  on  Columbia  River,  one  irrigated  by  a  water 
wheel  and  another  by  a  small  ditch  from  a  neighboring  canyon.  So 
far  as  known,  no  shipments  of  fruit  are  made  to  distant  parts  of  the 
State. 

The  natural  conditions  in  the  wheat  country  are  unfavorable  to 
fruit  culture  in  many  ways.  The  late  frosts  in  spring,  as  experience 
has  shown,  are  often  fatal  to  the  growth  of  peaches  where  they  have 
been  tried.  The  hardier  apples  often  attain  good  size  and  quality, 
especially  upon  high  ground,  and  prune  trees  are  said  to  yield  good 
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crops.  Excellent  pears  are  grown  on  the  McMannamon  ranch  on 
middle  Crab  Creek,  where  the  alkali  of  the  soil  is  injurious  to  most 
other  fruit  trees.  In  the  land  bordering  Columbia  River  there  seems 
reason  to  hope  that  fruits  may  be  grown  with  much  success  if  exten- 
sive irrigation  can  be  provided,  for  at  Wenatchee,  where  temperature 
conditions  are  probably  very  similar,  fruit  culture  is  a  flourishing 
industry. 

Small  fruits  are  said  to  thrive  where  their  culture  has  been  at- 
tempted, notably  on  the  plateau  west  of  Grand  Coulee.  Domesti 
vegetable  gardens,  with  cabbage,  corn,  and  other  hardy  plants,  a 
to  the  comfort  and  convenience  of  many  thrifty  ranchers,  but  gen- 
erally do  not  present  a  flourishing  appearance. 

Except  at  the  two  localities  on  Columbia  River  already  mentioned, 
practically  no  fruits  are  irrigated  in  this  region.  Vegetables  are 
sometimes  watered  by  a  small  stream  from  the  farm  well,  but  no 
extensive,  systematically  irrigated  gardens  exist.  If  irrigation  were 
possible  there  is  no  doubt  that  the  quality  and  amount  of  fruit  and 
vegetables  raised  in  this  region  might  be  greatly  increased.  The 
extent  to  which  irrigation  may  be  practicable  will  be  discussed  later. 

KITTITAS    VALLEY. 
NATURAL    CONDITIONS. 

The  broad  floor  of  Kittitas  Valley  presents  a  large  area  of  alluvial 
soil  of  great  natural  fertility.  The  annual  rainfall  is  too  low  to  sup- 
port agriculture  in  itself,  but  this  deficiency  is  more  than  overcome 
by  the  conditions  that  have  made  it  possible  to  irrigate  a  large  por- 
tion of  the  land  from  mountain  streams.  The  rather  low  mean 
temperature  and  the  lateness  of  spring  frosts  is  disadvantageous  and 
makes  horticulture  less  successful  than  in  the  Yakima  region,  where 
conditions  are  otherwise  similar.  The  character  of  the  agricultural 
industries  of  Kittitas  Valley  has  been  determined  by  the  conditions 
thus  briefly  outlined.  They  may  be  classified  as  follows:  (1)  Grow- 
ing of  forage;  (2)  dairying;  (3)  grain  culture,  and  (4)  horticul- 
ture. 

Forage  growing, — In  the  winter  feeding  of  sheep,  cattle,  and 
horses  that  range  the  neighboring  hills  and  mountains  a  large  amount 
of  forage  is  consumed  on  the  valley  farms.  But  as  the  irrigated 
lands  are  eminently  suited  to  the  growing  of  hay  and  the  warm  dry 
months  of  summer  enable  the  farmer  to  cure  it  thoroughly  with  small 
risk  of  injury  by  rain,  a  large  surplus  over  that  consumed  locally  is 
raised,  the  different  varieties  of  hay,  mainly  timothy,  clover,  and 
alfalfa,  constituting  one  of  the  most  important  crops  of  the  region. 
It  is  baled  and  exported  in  large  quantities  and  finds  ready  sale  at 
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prices  considerably  higher  than  those  obtained  for  the  forage  grown 
in  the  more  humid  region  west  of  the  Cascades. 

Dairying. — The  abundance  of  the  best  fodder  and  the  excellent 
pasture  afforded  by  hay  fields  in  the  intervals  of  cropping  are  condi- 
tions favorable  for  milch  cattle,  and  dairying  is  an  industry  of  con- 
siderable importance.  While  no  large  farms  are  entirely  devoted  to 
it,  the  great  majority  of  ranchers  produce  small  quantities  of  milk, 
which  is  collected  daily  by  the  several  creamery  companies  and 
worked  into  excellent  butter  on  a  large  scale.  There  are  six  cream- 
eries in  the  county,  which  is  among  the  most  important  dairying 
counties  of  the  State. 

Grain  culture. — Grain,  including  wheat,  barley,  and  oats,  in  order 
of  importance  as  named,  is  a  crop  of  considerable  magnitude,  the 
greater  part  being  grown  on  the  marginal  portions  of  the  valley, 
where  there  is  not  sufficient  water  for  the  proper  irrigation  of  hay. 

Horticulture. — There  are  probably  no  ranches  in  Kittitas  Valley 
with  horticulture  for  their  principal  dependence,  but  nearly  every 
thriving  farm  has  its  garden  and  orchard  to  supply  domestic  needs. 
Nearly  all  vegetables  do  well  under  irrigation,  and  considerable  quan- 
tities of  small  fruits  and  vegetables  are  exported.  The  climate,  as 
before  noted,  is  unfavorable  to  most  orchard  fruits.  Apples  are  the 
only  ones  grown  in  sufficient  quantity  for  export;  these  are  of  excel- 
lent appearance  and  flavor,  and  generally  freer  from  worms  and  other 
defects  than  the  fruit  of  western  Washington. 

GEOLOGY. 

GENERAL    STATEMENT. 

The  area  considered  in  this  report  lies  wholly  within  the  vast  terri- 
tory which,  in  Miocene  time,  wTas  inundated  by  great  floods  of  basaltic 
lava.  Throughout  the  greater  part  of  the  region  the  basalt  lies  not 
far  beneath  the  surface.  Though  for  the  most  part  covered  with 
soil  in  the  level  upland  stretches  and  gentle  slopes,  it  is  exposed  in 
the  Avails  of  nearly  every  coulee  or  canyon.  From  this  rock  are  carved 
the  imposing  but  somber  cliffs  of  the  Grand  Coulee,  the  gorge  of  the 
Columbia  at  the  foot  of  Table  Mountains,  and  the  majestic  Sentinel 
Bluffs.  Its  depth  appears  from  the  fact  that  nowhere  within  the 
limits  of  this  reconnaissance  has  it  been  cut  through  by  the  streams 
that  have  so  deeply  trenched  it. 

Upon  the  basalt,  in  late  Miocene  time,  there  were  laid  down  sev- 
eral hundred  feet  of  sediments  belonging  to  what  is  known  as  the 
Ellensburg  formation.  While  these  beds  may  have  been  deposited 
over  the  greater  portion  of  the  area  considered,  they  have  yielded 
with  comparative  readiness  to  erosion,  and  now  occupy  but  a  fraction 
of  the  land  surface.  In  the  White  Bluffs  of  the  Columbia  this  for- 
mation is  splendidly  exposed. 
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Since  the  deposition  of  the  Ellensburg  beds  the  layers  of  rock, 
originally  horizontal,  have  been  tilted  and  folded,  and  the  land  has 
been  modeled  to  its  present  form  by  the  work  of  water,  ice,  and  wind. 

STRATIGRAPHY. 

YAKIMA    BASALT.0 

DISTRIBUTION    AND    VOLUME. 

By  reason  of  its  vast  extent  and  great  volume  the  basalt  of  the 
Columbia  basin  is  one  of  the  most  important  volcanic  formations  in 
the  world.  Its  greatest  thickness  is  not  less  than  4,000  feet,  and  its 
area,  including  portions  of  Washington,  Oregon,  and  Idaho,  has 
been  estimated  at  about  250,000  square  miles.  In  Washington  and 
Idaho  the  area  underlain  by  it  includes  practically  the  entire  Colum- 
bia Plains  and  that  portion  of  south-central  Washington  designated 
the  "  foothill  province."  as  well  as  a  considerable  strip  along  the 
southern  border  of  the  State,  crossing  the  Cascade  Range  and  extend- 
ing west  to  the  ocean. 

East  of  the  area  immediately  considered  here  the  Yakima  basalt, 
where  its  edge  is  expo>e<l.  is  underlain  by  Tertiary  sandstones.  Just 
south  of  Wenatchee  the  northern  face  of  Saddle  Mountain  is  a  lofty 
and  precipitous  cliff  of  basalt,  at  the  foot  of  which  lies  a  belt  of  low 
hills  carved  from  the  rather  soft  sandstones  which  occupy  both  sides' 
of  the  river  at  Wenatchee,  but  soon  thin  out  to  the  north.  From  a 
short  distance  above  Wenatchee  to  the  mouth  of  the  Okanogan  the 
boundary  of  the  lava  is  marked  by  the  Columbia,  whose  left  bank 
is  overlooked  by  a  precipitous  wall,  with  a  top  or  "rim"  of  basalt, 
immediately  underlain  by  old  crystalline  rocks,  such  as  granite, 
gneiss,  and  schist ;  to  the  north  these  older  rocks  are  not  exposed,  the 
basalt  forming  the  entire  wall  of  the  camion. 

Near  the  Okanogan  the  boundary  again  crosses  the  Columbia,  and 
is,  in  general,  coincident  with  the  southern  border  of  the  Okanogan 
highlands.  On  the  northeast  and  the  east  the  lava  reaches  up  the 
lower  slopes  of  the  mountains  in  Idaho,  remnants  of  it  being  found 
along  the  valley  of  Spokane  River,  about  Cceur  d'Alene  Lake,  and 
along  the  lower  parts  of  the  rivers  flowing  into  it.  Along  the  entire 
northern  and  eastern  boundaries  the  surface  upon  which  the  basalt 
was  poured  out  is  supposed  to  have  consisted  of  ancient,  mostly  crys- 
talline, rocks.  To  the  south,  southeast,  and  southwest  the  basalt  area 
extends  for  considerable  distances  into  Idaho  and  Oregon,  but  its 
delimitation  in  these  directions  need  not  be  dicussed  here. 

"This  name  was  first  used  by  Mr.  G.  O.  Smith  in  Water-Sup.  and  Irr.  Paper  N<>.  55, 
and  is  applied  to  the  Miocene  basaltic  series  of  this  region.  The  term  "  Columbia  River 
lava,"  as  used  by  Professor  Russell,  includes  Eocene  and  Pleistocene  lavas  separated, 
from  the  Yakima  basalt  by  important  sedimentary  formations. 
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ORIGIN. 

The  origin  of  a  body  of  lava  so  vast,  and  widespread  is  an  inter- 
esting problem.  It  is  a  generally  accepted  view  that  the  originally 
molten  rock  was  forced  up  through  great  cracks  or  fissures  in  the 
crust  of  the  earth;  this  theory  is  based  on  three  kinds  of  evidence: 
(1)  The  volume  and  extent  of  the  lava  floods  are  so  enormous  that 
it  is  difficult  to  conceive  of  their  eruption  from  ordinary  craters; 
C_J)  the  comparative  rarity  of  the  fragmental  materials  known  as 
"  tuffs,"  "  breccias,"  etc.,  indicates  a  quiet  welling  up  through  fissures 
without  the  explosive  action  characteristic  of  crater  eruptions;  (3) 
the  theory  has  received  very  positive  confirmation  of  late  years  by 
actual  observation  of  the  fissures  from  which  these  floods  came  forth, 
tilled  with  the  cooled  and  hardened  basalt  and  exposed  by  the  erosion 
of  the  overlying  flows.  In  the  Cascade  Mountains  there  is  a  great 
system  of  dikes  in  the  sandstone  beneath  the  basalt,  which  has  been 
described  by  Professor  Russell a  and  by  Mr.  George  Otis  Smith.'' 

The  thousands  of  feet  of  basalt  in  the  plains  were  not  poured  forth 
in  one  great  outburst.  The  series  is  made  up  of  a  great  number  of 
layers  or  flows  that  can  be  distinguished  in  the  field  by  means  to 
be  discussed  in  another  section.  It  is  estimated  that  about  twenty 
such  flows  have  been  cut  through  by  the  river  at  Sentinel  Bluff's. 
Each  of  these  layers  represents  a  distinct  outpouring  of  basalt,  the 
eruptions  being  separated  by  various  intervals  of  time.  In  some  cases 
these  periods  of  rest  must  have  endured  for  centuries,  for  at  certain 
localities  there  are  beds  of  soil  between  the  layers  on  which  trees 
have  grown  to  considerable  size,  to  be  charred  and  buried  by  later 
flows.  The  basalt  eruptions,  especially  in  the  later  stages  of  their 
activity,  were  interrupted  by  periods  in  which  there  were  accumu- 
lated other  materials,  consisting  of  volcanic  ashes  of  a  composition 
different  from  that  of  the  basalt,  and  beds  of  sand,  clay,  or  gravel, 
laid  down  in  lakes  or  rivers. 

The  average  thickness  of  the  individual  flows  in  this  region  is  prob- 
ably between  50  and  100  feet.  Their  extent,  considered  separately, 
must  have  been  enormous,  for  it  is  rare  to  see  the  edge  of  a  layer 
thinning  out.  This  fact  indicates  that  the  molten  rock  was  in  a 
highly  fluid  condition  and  retained  its  fluidity  long  enough  to  spread 
out  for  great  distances. 

In  addition  to  the  massive  flows  that  form  the  greater  part  of  the 
series  there  are  beds  of  fragmental  volcanic  material,  such  as  bombs 
or  smaller  angular  fragments  of  lava.  Such  materials  either  have 
been  thrown  up  to  great  heights  and  spread  out  upon  the  surrounding 

°  Russell,  I.  C,  Preliminary  paper  on  the  geology  of  the  Cascade  Mountains  in  northern 
Washington:    Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  i.  1899,  pp.  121-122,  pi.  xii. 
"  Smith,  G.  O.,  Mount  Stuart :  Geologic  Atlas  U.  S.,  folio  106,  U.  S.  Geol.  Survey,  1904. 
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country,  or,  mixed  with  hot  volcanic  water,  have  formed  mud  flows 
and  run  out  on  the  surface  in  much  the  same  way  as  true  lava.  Their 
formation  was  perhaps  due  to  the  partial  choking  of  fissures  by  con- 
gealed material,  and  the  building  of  craters  where  the  pent-up  sub- 
terranean forces  found  constricted  vents.  The  fragmental  materials 
are  not  so  generally  distributed  nor  so  widespread  as  the  massive 
Hows;  they  are  most  numerous  and  thickest  in  the  mountains,  while 
in  the  Columbia  Plains  they  form  but  an  insignificant  proportion 
of  the  basalt  series. 

UTHOLOGIC    CHARACTER. 

The  textural  and  structural  features  of  the  basaltic  rocks  are  of 
interest  not  only  to  the  scientist,  as  throwing  light  upon  the  manner 
in  which  the  lavas  were  erupted,  but  to  the  practical  man  also,  for 
the  deep  water  of  this  region  is  found  chiefly  in  the  basalt  series. 
The  lithologic  characters  will  therefore  be  considered  somewhat 
fully. 

The  texture  of  the  basaltic  rock,  viewed  in  small  specimens  or  frag- 
ments, shows  a  considerable  range  of  variation  expressive  of  the 
different  rates  at  which  the  lavas  cooled.  The  central  portions  of 
thick  flows,  where  cooling  has  been  slow,  are  often  completely  crys- 
talline. In  thin  flows,  or  near  the  surfaces  of  thicker  ones,  the  rock 
is  of  finer  texture,  is  generally  dull  in  luster,  and  does  not  show,  to 
the  unaided  eye,  the  minerals  of  which  it  is  composed.  Where  the 
basalt  has  been  suddenly  chilled,  especially  at  the  base  of  a  flow,  the 
lava  may  solidify  as  a  black  glass.  From  the  practical  standpoint, 
however,  the  most  important  fact  in  regard  to  texture  is  that  the 
basalt  is  generally  fine  and  compact,  with  no  pores  capable  of  allow- 
ing water  to  pass  to  any  appreciable  extent  through  the  solid  rock. 

The  structural  characters  of  lava  Hows  are  dependent  on  conditions 
attending  their  eruption  and  cooling,  and  may  best  be  described  with 
reference4  to  their  origin. 

si  RFACE  FEAT!  RES  OF  LAVA  FLOWS. 

Molten  lava,  as  it  issues  from  the  earth,  is  always  charged  with 
steam.  While  the  lava  remains  underground  the  steam  is  intimately 
mixed  with  the  molten  rock  and  is  prevented  from  expanding 
by  the  enormous  pressure  of  the  overlying  crust.  When  the  lava 
emerges  on  the  surface,  however,  there  is  a  sudden  decrease  in  pres- 
sure, and  the  steam  combined  with  the  lava  expands  and  collects  in 
bubbles,  which  rise  to  the  surface  and  burst,  giving  off  the  great 
clouds  of  vapor  that  always  rise  from  a  moving  flow  of  lava.  The 
solidification  of  the  molten  rock  generally  takes  place,  however,  before 
the  steam  has  entirely  escaped,  and  the  bubbles  in  the  upper  portion 
of  the  flow  become,  as  it  were,  frozen,  so  that  the  upper  surface  of  a 
lava  flow  has  generally  a  vesicular  or  honeycombed  character.     It  is 
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by  this  structure  that  the  upper  surface  of  a  flow  is  best  distinguished 
and  the  different  flows  distinguished  from  one  another.  The  bottom 
of  a  sheet  sometimes  has  this  vesicularity  in  a  minor  degree,  owing  to 
the  sudden  chilling  and  solidification  of  that  portion  before  it  has 
freed  itself  from  watery  vapor. 

Another  common  surface  feature  is  that  produced  by  the  formation 
of  a  crust  on  the  top  of  a  flow  and  its  subsequent  disruption  by  the 
onward  movement  of  the  still  liquid  lava  beneath.  The  rough  seoria- 
ceous  layer,  formed  by  the  fragments  of  this  crust  cemented  by  other 
molten  material,  is  called  a  flow  breccia.  Again,  the  crust  formed 
upon  the  advancing  front  of  a  lava  flow  may  often  be  broken  and  the 
fragments  rolled  under  and  incorporated  in  the  bottom  part  of  the 
moving  sheet  of  molten  material. 

CONTRACTION    PART]  \<;S. 

After  the  lava  has  completely  solidified  it  is  still  at  a  temperature 
enormously  higher  than  that  which  it  must  ultimately  attain,  and  a 
gradual  cooling  progresses  for  a  considerable  time.  Cooling,  in  the 
case  of  basalt  as  of  most  other  substances,  brings  contraction.  This 
necessarily  leads  to  the  formation  of  joints  and  small  fissures,  divid- 
ing the  rocks  into  blocks  or  plates  of  varying  size  and  regularity,  and 
such  contraction  partings  are  of  universal  occurrence  in  the  basalts 
of  the  Columbia  basin.  The  forms  into  which  the  lavas  are  thus 
divided  are  multitudinous,  but  are  divisible  into  a  number  of  classes, 
each  of  which  will  be  briefly  described. 

Columnar  jointing,  generally  perpendicular  to  the  cooling  surfaces 
and  therefore  most  often  nearly  vertical,  is  the  most  universal  and 
striking  structural  feature  of  the  basalt  flows  (PI.  Ill,  B).  The 
columns  vary  greatly  in  size  and  regularity  of  form,  their  diameters 
ranging  from  a  few  inches  to  (5  feet.  They  are  sometimes  so  straight, 
sharp  cornered,  and  clean  cut  as  to  simulate  the  work  of  human 
hands.  More  frequently,  however,  they  exhibit  imperfections  of 
form,  the  sides  being  warped  and  not  parallel  to  one  another.  Cross 
sections  of  the  most  perfect  prisms  are  oftenest  pentagonal  or  hex- 
agonal, but  polygons  of  4,  7,  or  8  sides  are  also  common. 

The  main  vertical  columns  of  the  basalt  Hows  are  generally  sub- 
divided by  secondary  partings.  Most  universal  is  a  transverse  joint- 
ing, dividing  each  column  into  sections  of  varying  lengths.  An 
extreme  development  of  such  jointing  is  characteristic  of  certain 
flows,  mainly  in  the  upper  portion  of  the  series,  which  are  primarily 
divided  into  vertical  columns  of  large  size  and  great  regularity, 
these  in  turn  being  divided  by  slightly  curved,  nearly  parallel,  and 
very  numerous  horizontal  partings  into  scaly  fragments  which  over- 
lap irregularly  and  do  not  extend  entirely  across  the  columns. 

Another  secondary  parting,  which  has  been  described  by  Professor 


34  GEOLOGY,   ETC.,   OF    EAST-CENTRAL    WASHINGTON.       [no.  118. 

Russell,"  results  in  the  formation  of  small  columns  perpendicular  to 
the  faces  of  the  large  vertical  ones.  This  structure  occurs  where  the 
vertical  columns  are  irregular  and  especially  large.  In  such  cases 
the  vertical  cracks  are  comparatively  wide,  and  probably  allowed 
radiation  and  convection  of  heat  from  the  sides  of  the  columns. 
These  were  then  cooling  surfaces,  and  columns  perpendicular  to  them 
were  formed  according  to  the  usual  law. 

Lamellar  parting  parallel  to  the  surface  of  flows  is  frequent  near 
the  upper  and  lower  surfaces.  This  may  extend  for  varying  hori- 
zontal distances  and  is  frequently  combined  with  irregular  vertical 
jointing. 

FRAGMENTAL    BEDS. 

The  beds  of  fragmental  material  thrown  out  from  craters  are  made 
up  of  rough,  angular,  and  generally  scoriaceous  fragments  of  glassy 
lava,  imperfectly  sorted,  and  not  clearly  stratified.  The  scarcity  of 
such  beds  in  the  plains  has  been  noted,  and  few  localities  can  be  cited 
where  they  are  to  be  observed.  In  Dry  Coulee,  north  of  Adrian,  a 
bed  of  red.  slaggy.  and  porous  fragments  was  seen,  which  carries 
water  and  supplies  two  or  three  springs.  The  north  front  of  Yakima 
Ridge  exhibits  exposures  which,  by  their  erosion  forms,  appear  to 
be  coarse,  fragmental  basalts.  To  the  west,  as  has  been  remarked, 
finer  grained  materials  of  similar  nature  are  more  plentiful,  and  con- 
siderable exposures  are  to  be  seen  in  Shushuskin  Canyon  and  other 
ravines  in  the  hills  about  Kittitas  Valley.  The  fragmental  materials 
are  uncemented,  very  porous,  and  well  fitted  to  absorb  and  store  up 
large  quantities  of  water. 

MATERIALS    [NTERBEDDED    WITH    THE    BASALT. 

Materials  other  than  basalt,  interstratified  with  the  Lava,  were 
observed  only  in  the  upper  portion  of  the  series.  The  most  important 
of  such  beds  is  exposed  in  the  escarpment  of  Saddle  Mountain  over- 
looking Crab  Creek,  and  in  the  bluff  opposite  Craig's  ferry.  It  is 
composed  of  fine  grayish-white  volcanic  ash  with  very  regular  bed- 
ding, is  about  100  feet  thick,  and  is  overlain  by  about  an  equal  thick- 
ness of  basalt.  Similar  ash  beds  in  similar  stratigraphic  positions 
were  observed  on  the  sides  of  Kittitas,  Squaw  Creek,  and  middle  Crab 
Creek  valleys,  but  they  do  not  seem  to  be  continuous  with  the  Saddle 
Mountain  ash.  The  latter,  indeed,  is  not  observed  on  the  west  side 
of  the  river  at  Sentinel  Bluffs,  and  seems  to  thin  out  or  disappear  to 
the  east  also. 

About  500  feet  beloAv  the  top  of  the  Sentinel  Bluffs  another  light- 
colored  bed  about  40  feet  in  thickness  is  interstratified  with  the  basalt 
and  exposed  at  the  same  level  in  the  cliffs  on  either  side.  This  bed 
consists  of  what  is  known  as  an  arkose  sandstone,  made  up  of  grains 

a  Russell,  I.  C,  Reconnaissance  in  southeastern  Washington  :  Water-Sup.  and  Irr.  Paper 
No.  4,  U.  S.  Geol.  Survey,  1897,  p.  45. 
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of  quartz,  feldspar,  and  mica.  This  rock,  moderately  coarse  grained, 
friable,  and  of  open  texture,  is  well  fitted  to  act  as  a  water-bearing 
stratum. 

ELLENSBURG   FORMATION. 
DISTRIBUTION. 

Lying  upon  the  surface  of  the  basalt  at  numerous  localities  in  east 
Washington  is  a  series  of  supposed  lake  beds  known  as  the  Ellens- 
burg  formation,0  from  their  having  been  first  carefully  studied  near 
the  town  of  that  name.'' 

The  distribution  of  similar  beds  in  the  same  stratigraphic  position 
is  extensive,  and  they  are  found  in  great  volume  in  various  places  in 
the  western  and  the  southern  parts  of  the  Columbia  Plains.  That 
these  deposits  are,  or  ever  were,  continuous  over  this  broad  area  can 
not  be  asserted  positively,  but  their  general  similarity  at  the  various 
localities  points  to  the  existence  of  similar  conditions  of  deposition 
over  an  extensive  strip  of  territory  east  of  the  Cascade  Mountains  in 
the  period  following  the  close  of  the  basaltic  eruptions. 

The  present  distribution  of  the  Ellensburg  beds  in  the  area  covered 
by  this  report  is  not  so  easy  to  determine  as  the  barren  aspect  of  the 
country  leads  one  to  expect.  The  formation  is  rarely  exposed  except 
where  cliffs  have  been  carved  in  it  by  ancient  or  modern  streams,  and 
its  boundaries  are  mostly  concealed  by  a  thick  covering  of  wind-blown 
soil.  These  conditions,  combined  with  the  hasty  character  of  the 
work  and  the  lack  of  a  good  topographic  base,  forbade  anything  like 
accurate  determination  of  boundaries,  and  those  represented  on  the 
map  (PI.  I)  are  to  be  regarded  as  but  roughly  approximate. 

LITHOLOGIC    CHARACTER. 

The  character  of  the  typical  Ellensburg  material  of  the  Columbia 
Plains  is  shown  by  the  following  descriptive  section  of  the  exposure 
at  the  upper  end  of  White  Bluffs.  The  beds  are  described  in  ascend- 
ing order. 

Section  of  Ellensburg  beds  at  White  Bluffs,  1  mile  below  Koppen's  ranch. 

Peel. 
Sand,  partly  consolidated,  and  sandy  clay,  mostly  red,  weathering  in  part 

into   small   spheroids 25 

Red  tuffaceous  sandstone,  fine  grained  (ledge) 3 

Soft,  reddish,  medium-grained  sandstone 9J 

rmss-hedded  sand  and  fine  gravel ;   fragrants  mostly  of  scoriaceous  basalt, 

somewhat   rounded 5 

"  "  John  Day  system  "  of  Bull.  No.  108  and  Water-Sup.  and  I  it.  Paper  No.  4,  U.  S.  Geol. 
Survey,  but  so  called  erroneously,  for  the  original  John  Day  is  of  early  Miocene  age,  and 
lies  beneath  the  great  basalt  series.  See  Merriam,  J.  ('.,  Bull.  Dept.  Geology,  Univ.  of 
Cal.,  vol.  2,  No.  9,  p.  27C.  The  Ellensburg  formation  is  probably  equivalent  to  the 
Mascall  formation  of  the  John  Day  Valley. 

b  For  detailed  description  of  this  formation  in  the  type-region,  see  Smith,  G.  O., 
Ellensburg,  Geologic  Alias,  r.  s.,  folio  84,  r.  S.  Geol.  Survey,   L903 
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Feet. 

Fine  sand  and  silt,  with  small  basalt  pebbles :U 

Silt,  not  laminated,  gray  to  terra  eotta  in  color,  nodular  in  upper  pari 24 

Fine  soft  sandstone,  gray  green  to  terra  eotta 20 

Clay,  gray  green  to  pink : 15 

Greenish  white  clay,  not  laminated,  checking  into  small  fragments,  with 

feldspar    grains To 

Fale  terra   eotta   silt,   not   laminated 7 

Greenish  clay ."> 

Fale  terra  eotta  silt,  obscurely  laminated ."» 

Soft   greenish   clay 20 

Above  this,  but  probably  not  of  the  Ellensburg  formation,  are: 

Gravel,  with  pebbles  of  basalt  o  inches  or  less  in  diameter,  incrusted 
with    limy    material;    matrix    light-colored    silt    and    sand,    partly 

cemented    with    limy    matter 15 

Sand,  lower  part  with  tine  wavy  lamination,  upper  part  with  a  peculiar 
chambered  structure,  having  thin,  highly  contorted  partitions  of  ce- 
mented sand  stained  with  iron  oxide,  with  soft  unconsolidated  sand 
between    15 


Total 225 

The  general  character  of  this  section  offers  some  points  of  contrast 
with  the  typical  section  measured  in  the  Ellensburg  quadrangle." 
The  material  in  the  White  Bluffs  is  much  finer,  coarse  sandstones 
being  rare  and  coarse  conglomerates  entirely  lacking.  Cross-bedding, 
so  common  in  the  Naches  Valley  section,  is  not  common  in  the  White 
Bluffs.  It  is  evident  that  the  material  has  been  carried  far  from  its 
source  and  deposited   under  conditions  of  comparative  quiet. 

The  Naches  Valley  section  is  characterized  by  a  very  large  propor- 
tion of  volcanic  ash  and  tuff,  mainly  of  andesitic  composition.  The 
extreme  fineness  of  most  of  the  White  Bluffs  rocks  makes  it  difficult 
to  prove  their  origin,  but  pumice  grains  and  clear  feldspar  crystals 
are  to  be  seen  in  some  of  the  material,  and  dust  scraped  from  a  speci- 
men of  very  fine  grain  is  found,  by  the  aid  of  the  microscope,  to  con- 
sist of  angular  transparent  fragments  that  seem  to  be  volcanic  glass. 
It  is  believed  that  ash  erupted  from  volcanoes  in  the  Cascade  Range, 
carried  a  great  distance  by  the  upper  air  currents,  and  finally  falling 
gently  into  the  waters  of  a  shallow  lake,  form  the  most  important  con- 
stituent of  the  White  Bluffs  beds.  Certain  of  the  sandy  layers,  how- 
ever, Avere  probably  laid  down  by  river  currents. 

The  writer  found  no  fossils  of  any  kind  in  the  Ellensburg  forma- 
tion in  the  region  examined,  though  it  is  said  that  shells  and  bones 
have  been  found  in  the  bluffs  near  Basco. 

In  the  Moxee  artesian  basin  the  most  abundant  supply  of  flowing 
water  is  obtained  from  the  lower  part  of  the  Ellensburg  formation. 
The  White  Bluffs  section  also  shows  an  alternation  of  relatively  per- 


"  Smith,  G.  0.,  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash- 
ington :  Water-Sup.  and  Irr.  Paper  No.  55,  1901,  pp.  17-21;  and  Ellensburg  quadrangle: 
Geologic  Alias  U.  S.,  folio  86,  lT.  S.  Geol.  Survey,  100.°,. 
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meable  and  impermeable  strata,  which  would  seem  favorable  to  the 
occurrence  of  artesian  water,  provided  the  requisite  conditions  of 
structure  and  supply  are  also  present. 

STRUCTURE. 
GENERAL    CHARACTER    OF    DEFORMATION. 

At  the  close  of  the  period  during  which  the  Ellensburg  beds  were 
deposited  the  rocks  lay  in  a  nearly  horizontal  position.  Since  that 
time  they  have  been  deformed  in  a  manner  that  has  a  most  important 
bearing  on  the  artesian  problems  that  will  be  discussed  later  on. 

In  his  reconnaissance  of  a  much  larger  area  than  the  one  here 
described,  Professor  Russell  was  led  to  the  view  that  the  character- 
istic orographic  form  of  central  Washington  was  the  tilted  fault 
block.  The  important  economic  bearing  of  this  conclusion  was  recog- 
nized, as  the  presence  of  faults  was  held  to  be  very  discouraging  to 
the  hope  of  obtaining  artesian  water.  The  writer  came  to  the  field 
intending  to  investigate  this  point,  and  inclined  to  scepticism,  for  the 
examination  of  the  Ellensburg  quadrangle,  also  contained  in  Profes- 
sor Russell's  area,  had  shown  that  many  of  the  supposed  tilted  blocks 
of  the  earth's  crust  were  in  reality  unsymmetrical  anticlines  or  folds 
in  the  strata. 

The  north  face  of  Saddle  Mountain,  where  it  overlooks  the  lower 
stretch  of  Crab  Creek,  was  cited  by  Russell  as  a  very  typical  fault 
scarp.  The  topographic  form  here  does  indeed  suggest  faulting  in 
a  very  striking  way.  South  of  Crab  Creek  a  bold  escarpment  rises 
some  1,500  feet,  exposing  in  section  about  1,200  feet  of  basalt,  over- 
lain in  order  by  a  thick  bed  of  white  tuff,  a  flow  of  basalt,  and  a  small 
thickness  of  Ellensburg  formation  proper.  North  of  Crab  Creek 
this  lofty  cliff  is  confronted  by  a  low  bluff  of  basalt,  probably  between 
100  and  '200  feet  in  height.  A  few  miles  to  the  northeast  a  gentle 
escarpment  is  seen,  carved  from  the  Ellensburg  beds,  here  overlying 
the  horizontally  bedded  basalt,  It  is  obvious  that  we  must  have  here 
either  a  normal  fault  with  the  downthrow  to  the  north  or  a  sharp 
flexure,  the  down-folded  portion  having  been  removed  by  erosion, 
leaving  only  the  nearly  horizontal  strata  on  either  side.  Evidence 
bearing  on  the  choice  between  these  alternative  views  was  gathered 
by  examination  of  the  Saddle  Mountain  front  to  the  east  and  to  the 
west  of  the  great  cliff. 

On  the  west  side  of  the  Columbia,  opposite  the  mouth  of  Crab 
Creek,  the  continuation  of  the  mountain  is  bounded  on  the  north  not 
by  a  cliff,  but  by  a  steep  slope,  which  passes  continuously  into  the 
rolling  surface  at  its  base.  The  surface  of  this  slope  is  nearly  con- 
formable to  the  structure  of  the  basalt.  The  mountain  shows  no  out- 
cropping horizontal   ledges,  but   rising  through  the  mantle  of  soil, 
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sloping  backward  on  the  spurs  and  forward  in  the  gulches,  can  be 
traced  the  outcrop  of  one  or  more  especially  resistant  beds  of  black 
lava,  having  a  dip  a  little  steeper  than  the  slope,  but  in  the  same 
direction.  A  little  north  of  the  base  of  this  slope  basalt  can  1>>  seen 
with  a  very  gentle  dip  to  the  south. 

At  another  point,  some  20  miles  east  of  the  mouth  of  Crab  Creek, 
the  north  slope  of  the  ridge  was  examined  again,  and  a  similar  state 
of  things  observed.  Crab  Creek  here  flows  in  a  canyon  some  hundreds 
of  yards  wide,  bounded  by  precipitous  walls  about  100  feet  high. 
Just  to  the  south  Saddle  Mountain  rises  with  a  moderately  steep 
terraced  slope.  For  a  few  hundred  yards  back  from  the  canyon's 
brink  horizontal  basalt,  corresponding  to  that  across  the  canyon,  is 
exposed.  On  the  lower  slopes  of  the  mountain  the  structure  is  con- 
cealed by  terrace  deposits  and  soil.  Behind  the  uppermost  terrace, 
however,  the  basalt  is  again  exposed  in  a  gully,  where  it  shows  a 
northerly  dip  of  about  50°.  The  evidence  indicates  that  there  is  here 
a  sharp  flexure  and  not  a  fault. 

While  the  fact  is  not  proved  beyond  doubt,  the  writer  believes  that 
this  flexure,  observed  both  east  and  west  of  the  cliff,  was  once  con- 
tinuous along  the  entire  front  of  Saddle  Mountain;  that  the  cliff 
along  lower  Crab  Creek  was  produced  by  erosion,  and  that  the  flex- 
ure is  here  concealed  below  the  sediments  in  Crab  Creek  bottom. 

The  existence  of  a  fault  along  the  Grand  Coulee,  which  was 
asserted  by  Professor  Russell,  also  appeal's  open  to  doubt.  In  support 
of  the  fault  hypothesis,  Russell  cites  in  the  first  place  the  existence 
of  a  down  folding  or  monocline,  exposed  in  section  on  the  east  wall 
of  the  coulee,  apparently  without  any  corresponding  flexure  in  the 
opposite  wall.  This  flexure,  however,  is  not  absent  to  the  west,  but 
is  only  obscured  by  the  alluvial  deposits  laid  on  the  terraces  which 
have  been  cut  in  the  down-folded  part  of  the  basalt.  The  mono- 
clinal  structure  was  observed  in  a  gully  northwest  of  Coulee  City. 
The  strike  here,  so  far  as  could  be  observed,  seemed  more  nearly 
north  and  south  than  on  the  east  side,  and  the  relations  indicated 
that  the  monocline  had  been  continuous  across  the  canyon,  but  that 
the  horizontal  projection  of  its  axis  was  probably  somewhat  curved. 
Tt  seems  unnecessary  to  suppose  that  there  has  been  faulting.  Fur- 
ther, the  fact  that  the  western  wall  of  the  coulee  below  the  site  of  the 
cataract  is  much  greater  than  that  of  the  eastern  wall  is  explained  by 
Professor  Russell  as  the  result  of  faulting.  To  the  writer  it  seems 
that  this  fact  also  could  be  accounted  for  by  flexure.  Tt  is  always  to 
be  borne  in  mind  that  the  floor  of  a  canyon  half  a  mile  wide  and 
more  or  less  covered  by  alluvial  deposits  may  conceal  important 
structures. 

To  sum  up,  it  appears  to  the  writer  that  the  steep  slopes  supposed 
by  Professor  Russell  to  be  fault  scarps  are,  in  the  region  considered 
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here,  as  in  the  Ellensburg  area,  the  products  of  erosion  and  of  sharp 
flexure  in  the  basalt.  It  is  necessary,  however,  in  order  to  establish 
the  view  here  advanced,  to  explain  the  -  remarkable  fact  that  such 
important  stream  channels  as  the  Grand  Coulee,  lower  Crab  Creek 
Coulee,  and  the  canyon  of  the  Columbia  just  below  Priest  Rapids 
have  been  intrenched  along  supposed  lines  of  flexure.  The  most 
plausible  explanation  of  this  fact  has  been  suggested  by  Professor 
Russell  himself  in  one  of  his  more  recent  publications,0  in  which  he 
advances  the  theory  that  the  location  of  the  folds  has  been  determined 
by  the  weakening  of  the  crust  through  erosion  along  the  stream 
courses.  In  other  words,  stream  erosion,  instead  of  deformation,  has 
been  the  primary  agent.  This  hypothesis  appears  to  have  much 
probability  and  to  lend  itself  very  aptly  to  the  explanation  of  the 
course  of  lower  Crab  Creek  and  perhaps  to  the  analogous  position 
of  the  Columbia  along  the  base  of  the  ridge  south  of  Saddle  Moun- 
tain. In  the  case  of  the  Saddle  Mountain  scarp,  the  surprise  at  its 
magnitude  is  diminished  when  we  realize  the  fact,  to  be  developed 
further  on,  that  the  Columbia,  swollen  beyond  its  present  volume 
by  water  from  a  great  glacier,  once  flowed  in  the  channel  now  occu- 
pied by  an  insignificant  and  partly  suballuvial  stream. 

CHARACTER  OF  FOLDS. 

Folding  is  then  considered  by  the  writer  as  the  prevalent  type  of 
deformation  in  the  region  here  discussed,  and  he  does  not  consider  it 
probable  that  the  injury  of  artesian  basins  by  fissures  is  to  be  appre- 
hended. In  the  western  portion,  lying  in  the  foothill  zone,  the  anti- 
clines (structural  arches)  and  synclines  (structural  troughs)  are 
relatively  pronounced,  but  they  die  out  to  the  east,  and  in  the  wheal 
lands  the  basalt  has  suffered  only  gentle  tilting,  often  imperceptible 
in  amount. 

With  regard  to  direction,  the  folds  fall  into  two  systems.  The 
sharper  anticlines,  and  by  far  the  greater  number,  trend  nearly  east 
and  west.  To  this  system  belong  the  anticlines  of  Yakima  Ridge  and 
Saddle  Mountain.  Coexisting  with  the  east- west  system  there  are 
broad  and  gentle  north-south  folds,  exemplified  in  the  east  slope 
of  Table  Mountain  and  the  gentle  westerly  dip  of  the  basalt  under- 
lying the  wheat  lands. 

The  form  of  the  east-west  folds  is  characterized  by  a  lack  of  sym- 
metry, the  steeper  side  in  the  area  dealt  with  in  this  paper  being 
apparently  always  to  the  north.  The  contrast  between  the  north 
and  south  faces  of  Saddle  Mountain  has  been  mentioned,  and  other 
more  striking  examples  occur  in  the  foothill  region  outside  the  area 
with  which  this  report  is  concerned. 

"Russell,  I.  C,  Geology  and  water  resources  of  Nez  Perces  County,  [daho  ;  Water-Sup. 
and  Trr.  Paper  No.  53,  U.  S.  Geol.  Survey,  1901,  p.  70. 
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The  coexistence  of  two  perpendicular  systems  of  folds  is  perhaps 
favorable  to  the  conservation  of  water  under  pressure,  in  so  far  as 
it  tends  to  form  basin-like  structural  depressions. 

The  specific  structural  features  of  the  region  whose  general  char- 
acter lias  been  discussed  in  the  preceding  paragraphs  can  be  made 
plainer  by  the  structure  sections  accompanying  the  geologic  map 
than  by  lengthy  verbal  description. 

PHYSIOGRAPHY. 

Physiography  treats  of  the  development  of  the  existing  form  of 
the  land  surface.  In  that  development  two  classes  of  agencies  have 
been  concerned:  (1)  Forces,  probably  generated  for  the  most  part 
by  the  slow  cooling  and  contraction  of  the  earth,  which  deform  the 
strata  originally  laid  down  in  horizontal  position  and  heave  them 
up  into  the  form  of  folds  and  tilted  blocks;  (2)  the  action  of  frost, 
water,  ice,  and  wind,  which  modifies  the  masses  raised  up  by  these 
mountain-making  forces.  Agencies  of  the  second  class  are  mainly 
degrading  in  their  effect — that  is,  they  tend  to  tear  down  what  the 
mountain-making  forces  have  built  up. 

RELATION   OF   PHYSIOGRAPHY   TO   STRUCTURE. 

The  manner  in  which  the  Miocene  rocks  have  been  deformed  has 
been  discussed  under  the  heading  "  Structure."  The  relation  between 
this  and  the  form  of  the  land  surface  in  the  region  considered  is 
unusually  close.  There  is  over  the  greater  part  of  the  earth's  sur- 
face a  lack  of  concordance  between  the  topography  and  the  dip  of 
the  underlying  rocks,  because  erosion  has  so  deeply  modified  the  origi- 
nal form  of  the  uplifts  as  to  make  their  character  unrecognizable 
without  careful  study.  Here,  however,  the  principal  uplifts  and  the 
basins  or  troughs  between  them  have  retained,  in  a  general  way, 
their  original  form.  For  instance,  Kittitas  Valley  is  a  striking 
example  of  a  structural  basin  in  which  the  rock  layers  on  all  sides 
dip  toward  the  center,  while  the  portion  of  Table  Mountain  that 
lies  within  the  area  considered  here  is  a  structural  elevation,  its 
east  face1  being  a  clear  example  of  a  "dip  slope."  The  profile  of 
the  south  face  of  Saddle  Ridge  also  is  in  harmony  with  the  arching 
structure  of  the  underlying  basalt  so  clearly  exposed  in  Sentinel 
Bluffs.  It  may  be  said,  in  general,  that  the  extensive  gentle  slopes 
in  this  region,  unbroken  by  outcrops  of  rock  ledges,  are  more  or  less 
nearly  parallel  to  the  underlying  strata  and  are  expressive  of  the 
structure  of  the  rocks.  In  contrast  to  these  comparatively  gentle 
structural  slopes  are  the  bold  cliffs  exposing  the  rocks  in  section. 
These  features  are  mainly  the  work  of  rivers,  whose  effect  on  the 
topography  may  now  be  considered. 
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WORK    OF    STREAMS. 

The  conspicuous  features  formed  by  stream  erosion  are  the  can- 
yons of  the  Columbia  and  the  Yakima  with  their  tributary  streams, 
and  the  dry  coulees  of  the  wheat  lands.  Less  prominent  are  the 
features  that  represent  the  depositing-  rather  than  the  cutting  activ- 
ity of  the  streams,  namely,  the  gravelly  flood  plains  and  terraces. 
A  study  of  the  topographic  forms  that  have  resulted  from  the 
work  of  streams  throws  much  light  on  certain  of  the  later  episodes  in 
the  history  of  this  region. 

RELATION    OF    STREAM    COURSES    TO    STRUCTURE. 

When  we  consider  the  relation  of  watercourses  to  the  structure  of 
the  rocks,  the  streams  of  the  region  are  divisible  into  two  classes — 
those  whose  courses  seem  to  have  been  determined  by  the  structure 
of  the  underlying  rocks,  and  those  whose  courses  are  independent  of 
rock  structure. 

Consequent  streams. — To  the  first  class,  which  are  technically  desig- 
nated consequent  streams,  belong  the  majority  of  the  smaller  streams 
of  the  region.  The  creek  draining  Willow  Springs,  for  example, 
and  that  flowing  from  the  Clerf  Spring,  flow  down  pitching  struc- 
tural troughs  or  synclines.  Another  large  class  of  small  streams  or 
channels  seem  to  have  been  located  by  water  flowing  down  a  struc- 
tural slope.  Examples  of  canyons  originating  in  such  a  manner  are 
afforded  by  the  gulches  draining  Table  Mountain  and  Saddle  Ridge. 

Antecedent  streams. — The  most  striking  examples  of  the  second 
class  of  streams  are  Columbia  and  Yakima  rivers,  which  in  several 
instances  cut  squarely  across  great  structural  arches  in  the  basalt. 
The  Yakima  leaves  Kittitas  Valley  not  by  the  lowest  portion  of  its 
rim,  but  by  a  deep  gorge  cut  across  Manastash  and  Umptanum  ridges. 
Lower  in  its  course  it  cuts  other  anticlinal  ridges  lying  outside  the 
area  of  this  survey.  Columbia  River  in  like  manner  cuts  across  Sad- 
dle Ridge  in  a  direction  at  right  angles  to  its  crest  line.  Another 
instance  is  furnished  by  Moses  Coulee,  which  has  cut  its  way  through 
the  Badger  Mountain  uplift  without  regard  to  structure,  forming  a 
canyon  whose  size  is  especially  remarkable  when  we  consider  that  for 
ages  it  has  not  contained  a  perennial  stream. 

The  formation  of  the  gorges  thus  briefly  described  can  be  explained 
only  on  the  supposition  that  the  streams  which  formed  them  are 
antecedent  to  the  structure,  or,  in  other  words,  that  their  courses 
were  established  before  the  upfolding  of  the  basalt  and  Ellensburg 
beds  began  and  were  maintained  throughout  its  progress.  The  arches 
were  raised  up  against  the  down-cutting  rivers  as  a  log  is  pushed 
against  a  whirling  saw.  The  uplift  must  have  been  in  general  an 
extremely  slow  process,  since  in  most  cases  there  is  no  evidence  to 
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indicate  that  the  rivers  were  ponded,  as  they  would  have  been  if  the 
rise  had  been  so  rapid  that  they  failed  to  maintain  their  courses. 
The  sudden  uplift  of  Saddle  Mountain  would  have  deflected  the 
Columbia  and  caused  it  to  find  an  outlet  over  the  lowest  point  in  the 
dam,  far  to  the  east  of  the  gate  it  actually  made  for  itself.  There  is 
some  reason  to  suspect,  however,  that  the  river  was  deflected  by  the 
next  uplift  athwart  its  course,  and  the  eastward  bend  at  the  foot  of 
Priest  Kapids  may  have  been  due  to  the  inability  of  the  river  to  cut 
down  against  the  rising  ridge  along  whose  face  it  flows  for  many  miles 
below,  to  clear  its  lower  end  in  the  great  sweep  to  the  east  inclosed  on 
the  left  by  the  White  Bluffs. 

The  three  examples  cited  are  not  the  only  antecedent  streams  in  the 
region.  Crab  Creek  crosses  an  anticlinal  arch  of  slight  elevation 
below  Moses  Lake,  while  its  course  along  the  western  portion  of  Sad- 
dle Ridge  was  not  determined  by  structure.  If  the  writer  is  correct 
in  discrediting  the  hypothesis  that  the  cliff  in  that  locality  is  a  fault 
scarp,  the  antecedent  character  of  Crab  Creek  may  be  taken  as 
explaining  its  origin,  according  to  Professor  Russell's  hypothesis, 
cited  on  page  39. 

ORIGIN    OF    COULEES. 

The  topographic  character  of  the  coulees  in  the  wheat  lands  proves 
that  they  have  been  produced  by  stream  erosion  It  is,  however,  per- 
fectly obvious  that  they  could  not  have  been  eroded,  no  matter  how 
much  time  were  allowed  for  the  process,  during  the  existence  of  the 
present  arid  climate.  A  few  of  the  coulees  have  streams,  perennial 
though  insignificant  in  comparison  with  the  canyons  they  occupy,  but 
the  majority  never  contain  continuous  surface  streams,  even  in  the 
rainy  season.  It  is  necessary  to  suppose  that  the  coulees  were  eroded 
in  a  time  long  past,  when  the  region  had  a  fairly  abundant  rainfall. 
The  causes  which  determined  the  formation  of  the  Grand  Coulee  were, 
however,  exceptional,  and  will  he  discussed  later. 

TERRACES    AND    GRAVEL    DEPOSITS. 

In  the  formation  of  their  canyons  the  streams  did  not  cut  down 
steadily  and  without  stopping.  The  task  was  accomplished  in  a  some- 
what spasmodic  fashion,  with  alternating  periods,  during  some  of 
which  the  streams  were  occupied  in  sinking  channels  into  bed  rock, 
while  in  others  they  were  occupied  in  filling  with  gravel  those  already 
cut.  These  episodes  in  the  history  of  the  streams  are  recorded  in  the 
terraces  and  gravel  deposits  of  the  stream  canyons. 

Terraces  of  well-rounded  basalt  gravel  are  found  along  all  the 
coulees  of  the  wheat  lands,  such  material  being  especially  well  exposed 
near  Connell.  Similar  deposits  are  extensively  developed  near  Coulee 
City  and  east  of  middle  Crab  Creek  and  of  the  foot  of  Moses  Lake. 
Gravel  terraces  are  found  at  high  levels  along  Columbia  River,  the 
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host  examples  occurring  below  Priest  Rapids  and  in  the  gorge  along 
the  foot  of  Saddle  Mountain.  Great  volumes  of  gravel  underlie  the 
central  portion  of  Kittitas  Valley  and  are  well  exposed  in  section  on 
the  banks  of  Yakima  River. 

Ancient  gravels  are  found  not  only  in  the  terraces  above  the  present 
stream  levels,  but  underlie  the  existing  stream  beds  in  many  cases  to 
considerable  depths.  At  Connell  records  of  well  borings  have  shown 
that  the  bed  of  the  coulee  is  filled  with  gravel  to  the  depth  of  at  least 
180  feet.  Great  depths  of  gravel  are  also  found  in  borings  along 
other  coulees.  The  Columbia  flows  on  gravel  through  the  greater 
portion  of  its  channel,  but  has  reached  bed  rock  at  Priest  Rapids  and 
perhaps  also  at  Coyote  Rapids. 

The  history  to  be  read  from  these  gravel  deposits  is  briefly  as  fol- 
lows: (1)  There  was  a  period  during  which  the  streams,  actively  cut- 
ting downward,  carved  a  system  of  canyons  in  bed  rock  deeper  than 
those  which  exist  at  present;  (2)  a  period  succeeded  during  which  the 
streams  were  overloaded  with  gravel  and  filled  up  their  bed-rock 
channels  to  depths  attaining,  in  the  case  of  the  Columbia,  at  least  300 
feet;  (3)  there  was  a  second  period  of  down  cutting,  in  which  the 
streams  cleared  out  the  gravel  from  their  bed-rock  channels  to  a 
greater  or  less  extent ;  temporary  halts  in  the  process  of  down  cutting 
are  marked  by  the  lower  terraces;  (4)  the  large  and  numerous 
streams  that  carved  the  canyons  dwindled  because  of  the  arrival  of 
the  present  arid  climate,  and  the  down  cutting  into  the  gravel  de- 
posits practically  ceased  except  in  the  cases  of  Columbia  and  Yakima 
rivers. 

The  gravel  deposits  of  the  region  are  not  only  of  scientific  but  also 
of  economic  interest,  as  the  surface  wells  of  the  region  are  mainly 
located  in  the  gravels  on  the  valley  and  coulee  bottoms. 

GLACIAL    HISTORY. 

There  was  a  period,  recent  as  time  is  measured  by  the  geologist,  but 
long  before  the  beginning  of  human  history,  when  the  valleys  of  the 
northern  Cascades  and  of  the  Okanogan  highlands  were  filled  with 
immense  glaciers,  the  largest  of  which  reached  the  plains  before  they 
were  melted  in  the  warmer  air  of  the  lower  country. 

The  greatest  ice  river  of  eastern  Washington  flowed  down  the 
Okanogan  Valley,  which  it  filled  to  a  depth  of  several  hundred  feet. 
Upon  reaching  Columbia  River  Valley  this  glacier  expanded.  It 
seems  not  only  to  have  dammed  the  Columbia,  but  to  have  filled  its 
profound  canyon  down  to  the  outlet  of  Lake  Chelan,  and  to  have 
spread  out  over  the  plateau  embraced  by  the  Big  Bend  for  about  35 
miles  to  the  east  of  this  point.  The  southern  limit  of  the  Okanogan 
glacier  is  marked,  according  to  Salisbury ,a  by  a  terminal  moraine 

0  Salisbury,  R-  D.,  Jour.  Geol.,  vol.  9,  1901,  p.  721. 
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extending  from  Chelan  Falls  to  a  point  about  5  miles  north  of  Coulee 
City,  in  a  great  curve  convex  to  the  south. 

The  eastern  end  of  this  moraine  was  seen  in  the  course  of  this  inves- 
tigation. It  is  a  low  ridge  or,  more  exactly,  a  slightly  elevated  hum- 
mocky  zone  formed  of  material  pushed  up  in  front  of  the  advancing 
"lacier  or  carried  on  its  surface  and  stranded  where  the  ice  melted. 
Borne  thus  upon  the  southward-moving  ice  Avere  many  huge  blocks 
of  basalt  and  fewer  of  granite.  Some  of  these  were  stranded  upon 
the  moraine,  and  many  are  to  be  seen  on  the  plateau  in  the  vicinity 
of  St.  Andrew.  One  of  them,  an  enormous  block  of  basalt,  stands 
near  the  brink  of  the  Grand  Coulee  and  is  a  striking  landmark  visible 
for  many  miles.  In  early  days  it  served  to  guide  travelers  from  the 
east,  and  was  generally  known  as  Pilot  Rock.  Other  large  bowlders 
are  strewn  upon  the  terraces  at  Coulee  City  and  Ephrata,  and  seem 
to  have  been  dropped  from  icebergs  that  broke  from  the  glacier  front 
and  floated  for  some  distance  southward  on  the  stream  which  then 
filled  the  Grand  Coulee. 

While  the  Columbia  was  dammed  by  the  Okanogan  glacier  it 
flowed  along  its  western  side  south ward  into  Crab  Creek  Valley, 
which  was  probably  eroded  to  a  considerable  depth  before  this  time. 
During:  the  existence  of  the  ice  dam  the  Grand  Coulee  was  carved. 
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lower  and  middle  Crab  Creek  Valley  was  much  enlarged,  and  exten- 
sive deposits  of  gravel  were  laid  down  about  Ephrata  and  Moses 
Lake.  When  the  glacier  retreated  up  Okanogan  Valley  the  Colum- 
bia resumed  its  former  channel. 

WIND    WORK. 

Under  the  arid  conditions  that  have  prevailed  in  historic  time 
water  erosion  has  had  comparatively  little  effect  in  modifying  the 
general  surface  of  the  land.  Various  conditions,  however,  have 
enabled  the  wind  to  do  considerable  transportation;  the  air  currents, 
which  have  a  prevailing  southerly  direction,  are  strong  and  frequent, 
while  the  soil  is  dry  and  loose  textured,  and  is  but  slightly  protected 
by  the  meager  growth  of  grass  and  shrubbery. 

SAND    DUNES. 

The  most  striking  evidences  of  wind  work  occur  in  the  sandy 
region  that  borders  the  Columbia,  where  groups  of  sand  dunes  of 
very  perfect  form  are  to  be  seen.  They  exhibit  the  characteristic 
wave-like  profile,  their  steep  sides  constantly  facing  in  the  north  or 
leeward  direction,  and  the  process  of  their  growth  and  shifting  is 
to  be  seen  on  any  windy  day.  Other  sand  dunes  of  remarkable  size 
and  extent  are  to  be  seen  below  Moses  Lake,  which,  as  before 
remarked,  owes  its  existence  to  them.  Low  hillocks,  built  up  mainly 
by  wind  action,  are  also  to  be  seen  on  the  plain  south  of  Saddle 
Mountain,  but  the  dune  form  in  these  is  not  so  pronounced  as  in  the 
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ones  previously  mentioned,  probably  because  of  the  vegetation  that 
has  found  a  foothold  upon  them  and  allows  the  sand  to  move  less 
freely. 

SOILS    OF    THE    WHEAT    LANDS. 

In  the  wheat  lands  also  the  wind  has  given  the  final  touches  in  the 
molding  of  the  surface.  The  minor  branches  of  the  dry  coulees, 
carved  originally  from  basalt,  have  had  their  once  rugged  sides  man- 
tled with  fine  wind-blown  soil,  which  conceals  the  bed  rock  except  in 
widely  separated  exposures.  That  the  soil  mantling  the  slopes  of  the 
coulees  has  been  laid  down  by  wind  seems  obvious.  The  present 
writer  further  believes  that  the  thick  soil  of  the  wheat  lands  also  is 
mainly  wind  deposited,  or  eolian.  It  has  been  assumed  by  most 
writers  who  have  touched  upon  the  subject  that  the  typical  wheat 
soil  of  the  Columbia  Plains  is  residuary,  derived  from  the  decompo- 
sition of  the  underlying  basalt.  Professor  Russell,  however,  is  the 
only  geologist  who  has  supported  the  residuary  hypothesis  by  ex- 
tended argument.  In  his  report  on  southeastern  Washington  he 
advocates  the  view  that  the  wheat  soils  are  essentially  residual,  but 
superficially  modified  by  wind  action."  In  his  later  description  of 
the  Nez  Perces  region  in  Idaho  he  reaffirms  the  views  expressed  in  the 
earlier  paper,  and  applies  the  theory  of  residuary  origin  to  the  wheat 
soils  of  Idaho.6  The  writer's  observations  in  east-central  Washing- 
ton have  led  him  to  believe  that  the  wheat  soils  are  not  residuary,  but 
wind  deposits.  This  belief  is  based  primarily  on  the  following  facts 
observed  in  the  field  : 

(1)  The  thickness  of  the  wheat  soils,  as  shown  by  well  records, 
varies  according  to  location  from  50  feet  to  a  minimum  probably 
averaging  something  like  25  feet.  They  mantle  completely  most  of 
the  broad  plateau  surface  and  the  gentle  slopes,  often  concealing  the 
bed  rock  in  the  smaller  gullies  for  many  miles.  The  greatest  thick- 
nesses, however,  seem  generally  to  be  on  the  brows  of  slopes,  where 
there  are  the  most  favorable  opportunities  for  accumulation  of  wind- 
blown material. 

(2)  The  physical  properties  of  the  wheat  soils  are  highly  character- 
istic and  remarkably  uniform.  In  texture  they  are  fine  loams,  very 
light,  open,  and  friable. 

(3)  Their  prevailing  color  is  a  light  tawny  brown,  varying  accord- 
ing to  the  amount  of  organic  matter  present,  but  conspicuously  in 
contrast  to  the  deep  red  tints  which  one  would  expect  in  a  soil  derived 
from  the  decomposition  of  a  rock  so  rich  in  iron  oxides  as  basalt. 

(4)  When  exposed  in  vertical  sections  the  wheat  soil  is  seen  to  pre- 
serve its  surface  characters  with  remarkable  constancy  down  to  the 

"Russell,  1.  C,  Reconnaissance  in  southeastern  Washington:  Water-Sup.  and  Iir.  Paper 
No.  4,  U.  S.  Geol.  Survey.  1897,  pp.  00-04. 

"  Russell,  I.  C,  Geology  and  water  resources  of  Nez  Perces  County,  Idaho  :  Water-Sup. 
and  Irr.  Paper  No.  53,  U.  S.  Geol.  Survey,  1901,  pp.  44-48. 
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solid  basalt  beneath.  There  is  rarely  any  lamination  perceptible, 
such  as  would  suggest  deposition  by  water. 

(5)  In  all  sections  observed  by  the  writer,  moreover,  the  division 
between  the  basalt  and  the  tawny  loam  is  sharp,  without  any  transi- 
tion from  fresh  rock,  through  decomposed  rock  and  soil  with  rock 
particles,  such  as  would  be  expected  were  the  soil  residuary. 

The  sharp  definition  between  soil  and  basalt  seems  absolutely  to 
forbid  the  belief  that  the  soil  is  residuary  in  the  strict  sense — that  is, 
resting  in  the  place  of  its  formation.  It  must,  therefore,  be  a  trans- 
ported soil.  The  absence  of  lamination  in  the  soil,  the  fineness  of  its 
texture,  and  the  absence  of  any  particles  so  large  as  to  be  incapable 
of  wind  transportation  seem  almost  to  demonstrate  that  the  agency 
concerned  in  its  deposition  was  wind.  Granting  this  much,  however, 
it  might  still  be  argued  that  the  material  was  derived  from  the 
decomposition  of  basalt  and  only  slightly  removed  from  its  source. 
But  the  wheat  soil's  evident  poverty  in  iron  oxide,  and  its  freedom 
from  any  recognizable  particles  of  basalt,  are  facts  which  strike  the 
observer  in  the  held  as  discordant  with  such  a  supposition,  and  the 
results  of  detailed  chemical  analyses  give  additional  evidence  in  the 
same  direction. 

Comparative  analyses. — There  are  on  record  many  analyses  of  the 
wheat  soils  of  the  Columbia  Plains,  made  in  the  agricultural  experi- 
ment stations  of  Washington  and  Idaho.  It  appears,  however,  that 
they  are  generally  analyses  merely  of  the  portion  soluble  in  hydro- 
chloric acid,  and  while  they  may  serve  the  purpose  for  which  they 
were  made  they  do  not  give  the  true  chemical  composition  of  the 
samples  and  throw  but  little  light  on  the  question  of  their  origin. 
Partial  analyses  of  basalt  and  of  the  overlying  soil  from  Dayton, 
Wash.,  have  been  made  b\  Dr.  (J.  P.  Merrill  and  are  published  by 
Professor  Russell."  but  the  soil  analysis  differs  so  markedly  from  all 
those  emanating  from  the  experiment  stations  as  to  throw-  increased 
doubt  upon  their  availability. 

In  view  of  these  facts  analyses  were  made  in  the  chemical  labora- 
tory of  the  Geological  Survey  of  a  typical  wheat  soil  and  of  an 
undoubtedly  residuary  soil.  The  following  tables  are  designed  to 
facilitate  the  consideration  of  the  available  chemical  evidence  bearing 
on  the  origin  of  the  wheat  soils.  In  Table  A  the  results  of  the  last- 
mentioned  analyses  are  exhibited  side  by  side  with  an  analysis  of 
basalt  similar  to  that  underlying  the  wheat  lands  from  the  Mount- 
Stuart,  Washington,  quadrangle.  In  Table  B  the  analyses  given  in 
the  first  table  are  presented  in  a  condensed  form  for  more  ready  com- 
parison with  the  analyses  given  by  Professor  Russell. 

«  Russell,  I.  C,  Reconnaissance  in  southeastern  Washington  :  Water-Sup.  and  Irr.  Paper 
No.  4,  U.  S.  Geol.  Survey,  3  897,  p.  61;  and  Geology  and  water  resources  of  Nez  Perces 
County,  Idaho;  Water-Sup.  and  Irr.  Paper  No.  53,  U.  S.  Geol.  Survey,  1901,  p.  44. 
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Table  A. — Analyses  of  basalt,  residuary  soil,  and  wheat  soil  made  in  Geological 

Survey  laboratory. 


Si02.. 

A1203 
Fe203 
FeO.- 

MgO_ 
CaO._ 

Na20- 


H20  above  105 

Ti02 

PA 

C 


Total 


54.50 

14.43 

2.17 

8.80 

4.24 

8.01 

3.05 

1.29 

.29 

1.09 

1.69 

.21 


99.77 


fi. 


52.95 
15.  69 

«11. 85 

2.05 
4.40 
2.09 
1.11 
2.19 
4.01 
2.57 
.19 
.63 


J..72 


III. 


65.43 
13.96 

«5.35 

1.54 
2.90 

2.42 

2.08 

2.32 

2.42 

.87 

.20 

.49 


"  Comprises  all  iron  oxide  reckoned  as  Fe203. 

I.  Basalt,  Mount  Stuart  quadrangle;  Hillebrand,  analyst;  contains  also  small 
quantities  of  S03,  MnO,  BaO,  and  SrO,  aggregating  0.36  per  cent. 

II.  Residuary  soil,  Hanson  Creek;  Steiger,  analyst. 

III.  Virgin  soil  (surface),  south  of  Krupp,  Wash.;  Steiger,  analyst. 

Table  B. — Analyses  of  Table  A  (condensed)  compared  with  analysis  given  by 

Professor  Russell. 


I. 

II. 

III. 

IV. 

V. 

Si02 

A1,03  ....  ... 

47.35 

\a  34.38 

4.43 
8.27 
2.55 
1.33 
.95 

54.40 

«28.28 

4.24 
8.01 
3.05 
1.29 
1.38 

52.95 

«30.30 

2.04 
4.40 
2.09 
1.11 
6.83 

65.43 

«20.38 

1.54 
2.90 
2.42 
2.08 
5.23 

63.58 

Fe203,  etc 

MgO 

«22.36 

1.82 

CaO 

2.76 

Na,0 

2.02 

K20 

2.27 

Ignition 

4.37 

Total 

99.26 

100. 75 

99.72 

99.98 

99.33 

a  Comprises  all  iron  oxide  reckoned  as  Fe203,  plus  the  P205  and  Ti02. 

I.  Basalt ;  Merrill,  analyst ;  given  by  Russell. 

II.  Basalt,  Mount  Stuart  quadrangle;  Hillebrand,  analyst. 

III.  Residuary  soil,  Hanson  Creek  ;  Steiger,  analyst. 

IV.  Virgin  soil  (surface),  south  of  Krupp;  Steiger,  analyst. 

V.  Surface  soil,  wheat  field  near  Dayton,  Wash. ;  Merrill,  analyst ;  given  by 
Russell. 
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Upon  comparison  of  the  analyses  in  Table  1>  it  is  evident  that  i  and 
n  are  very  similar,  and  in  view  of  the  fact  that  the  basalts  of  the 
Yakima  series  do  not  vary  widely  in  petrographic  character,  analysis 
i  in  Table  A  may  be  taken  as  sufficiently  representative  of  the  basalt 
series  for  the  present  purpose.  The  similarity  also  of  the  soil  analy- 
ses iv  and  v  is  astonishingly  close  and  strongly  suggests  that  the  two 
soils  are  of  the  same  nature.  Comparison  of  the  analyses  in  Table  A 
should  therefore  give  some  valid  evidence  in  regard  to  the  general 
question  of  the  origin  of  the  wheat  soils. 

A  mere  glance  at  the  table  shows  a  general  similarity  between  i  and 
ii  and  a  general  dissimilarity  of  in  from  either  of  the  others.  When 
we  proceed  to  more  detailed  comparison  of  the  proportions  of  the 
various  oxides,  the  most  significant  facts  brought  out  seem  to  be  the 
following : 

(1)  The  alumina  in  in  is  slightly  less  than  in  i  and  n. 

(2)  The  iron  oxides  are  about  equal  in  i  and  n,  but.  are  much  less 
abundant  in  in. 

(3)  The  alkalies  in  n  show,  as  compared  with  i,  a  notable  decrease, 
relatively  greater  in  the  case  of  potash;  in  contains  little  less  soda 
than  i  and  more  than  n,  while  the  potash  is  60  per  cent  more  abun- 
dant than  in  i. 

Eesiduary  soils  generally  show,  as  compared  with  the  parent  rocks 
from  the  decomposition  of  which  they  are  derived: 

(1)  Increase  in  the  proportion  of  alumina.  In  calculating  the  per- 
centage of  each  constituent  lost  in  the  process  of  decomposition  the 
alumina  is  generally  assumed  to  remain  constant. 

(2)  Equally  or  more  abundant  iron  oxide,  except  where  organic 
matter  is  present  and  reduces  the  iron  to  the  soluble  protoxide. 
There  is  no  evidence,  howTevei\  that  the  conditions  in  this  region  ever 
favored  the  removal  of  iron  oxides  by  leaching. 

(3)  Greatly  decreased  percentage  of  alkalies,  which  are  the  most 
soluble  constituents  of  the  rock. 

It  is  sufficiently  obvious  that  the  differences  between  the  wheat  soil 
and  the  underlying  basalt  are  not  only  considerable,  but,  what  is 
much  more  significant,  are  not  of  the  character  naturally  to  be  ex- 
pected if  the  wheat  soil  w7ere  derived  from  the  basalt,  The  discrep- 
ancies between  the  facts  of  the  case  in  point,  on  the  one  hand,  and 
the  usual  results  of  weathering,  on  the  other,  if  they  do  not  quite 
invalidate  the  residuary  theory,  at  least  require  explanation.  In  the 
writer's  opinion,  the  chemical  data  available  appear  to  agree  with  the 
field  observations  in  supporting  the  theory  that  the  soils  in  question 
were  not  derived  from  the  decomposition  of  the  basalt. 

Transporting  power  of  the  wind. — The  competency  of  the  wind  as 
a  transporting  agent  must  be  considered,  however,  in  judging  of  the 
validity  of  the  theory  here  advanced.     That  wind  is,  in  the  Columbia 
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Plains,  a  transporting  agent  of  importance  is  a  fact  which  must  im- 
press anyone  who  travels  through  the  region.  Winds  of  prevailing 
southerly  direction  blow  with  strength  and  frequency,  while  the  soil 
is  but  very  imperfectly  protected  from  them  by  vegetation.  Blind- 
ing dust  storms  are  by  no  means  rare,  and  clouds  of  fine  dust  envelop 
every  traveler  who  drives  along  the  roads.  On  the  whole,  there 
appears  no  reason  to  doubt  that  the  wind  is  capable  of  doing  the  work 
assigned  to  it  under  the  hypothesis  here  advanced. 

Source  of  the  soil. — The  argument,  however,  would  not  be  complete; 
without  suggesting  a  source  for  the  material  if  we  reject  the  supposi- 
tion that  it  was  mostly  derived  from  basalt.  The  writer  believes  that 
(lie  principal  source  lies  in  the  desert  southwestern  quarter  of  the 
Columbia  Plains,  where  the  basalt  is  overlain  by  the  soft  sedimentary 
beds  of  the  Ellensburg  formation.  This  material  is  thought  1<>  have 
been  washed  down  and  loosened  by  the  agency  of  water,  and  thus  put 
in  such  form  that  it  might  readily  be  transported  by  wind. 

HYDROX.OGY. 

INTRODUCTORY  STATEMENT. 

The  remainder  of  this  paper  is  devoted  to  the  consideration  of 
water  supply  proper.  The  various  kinds  of  water  resources  will  be 
described  and  their  availability  considered,  and  the  attempt  will  be 
made  to  show  howT  the  water  supply  of  the  region  may  be  increased. 
The  sources  of  supply  available  in  the  region  are  streams,  springs, 
and  wells,  which  will  be  considered  in  the  order  named.  The  first 
two  classes  of  water  resources  will  be  treated  rather  briefly,  but  the 
wells,  being  more  important,  will  be  discussed  more  fully. 

The  wells  may  be  divided  into  two  classes — first,  surface  wells, 
generally  dug  by  hand  in  loose  materials  like  soil,  sand,  and 
gravel,  lying  on  the  surface  of  the  bed  rock;  second,  deep  wells,  in- 
cluding those  in  which  the  underlying  older  rocks  are  penetrated, 
generally  by  means  of  a  dril,  to  a  considerable  depth.  Surface  wells 
derive  their  supplies  from  rain  or  snow  that  falls  in  their  immediate 
vicinity  and  percolates  downward  until  some  impervious  material  is 
reached,  while  deep  wells  generally  tap  beds  of  porous  rock  saturated 
with  water  that  has  been  absorbed  at  some  distant  outcrop  and  has 
traveled  underground  often  for  great  distances. 

The  most  important  question  dealt  with  in  this  paper  is  that  of  the 
capabilities  of  deep  wells,  one  of  the  principal  objects  of  the  investi- 
gation having  been  to  determine  whether  in  any  part  of  the  region 
examined  deep  wells  could  be  made  to  yield  artesian  flows.  In  dis- 
cussing this  problem  a  number  of  districts  may  be  marked  out,  in 
each  of  which  the  conditions  affecting  the  deep  underground  waters 
jire  similar.     For  each  of  these  districts  the  artesian  conditions  will 
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first  be  discussed  from  the  theoretical  standpoint;  the  evidence 
afforded  by  the  wells  actually  sunk  will  then  be  presented,  and  con- 
clusions will  be  drawn  in  regard  to  the  probability  of  obtaining  sur- 
face flows.  Suggestions  will  next  be  presented  with  a  view  to  direct- 
ing intelligent  tests  for  artesian  water  and  to  economically  using 
all  the  water  obtainable.  The  paper  will  end  with  a  brief  recapitula- 
tion of  the  important  conclusions  and  suggestions  in  regard  to  deep 
wells. 

The  preceding  portions  of  this  paper  have  been  designed  mainly 
to  serve  as  an  introduction  to  the  portion  on  hydrology  proper,  as  the 
discussion  of  the  artesian  problems  will  involve  frequent  reference  to 
the  facts  regarding  the  character  and  structure  of  the  rocks  under- 
lying the  region. 

STREAMS. 

COLUMBIA    PLAINS. 

CRAB   CREEK. 

From  the  fact  that  the  valley  of  Crab  Creek  was  eroded  by  a  much 
larger  stream  than  occupies  it  at  present  it  lias  resulted  that  the 
existing  stream  has  been  unable  to  maintain  a  graded  channel.  Cer- 
tain irregularities  in  the  ancient  channel  and  modifications  produced 
by  the  drifting  in  of  sand  and  silt  have  been  sufficient  to  cause  pond- 
ing in  certain  localities,  with  the  consequent  formation  of  marshes, 
and  in  some  cases  the  water  of  the  creek  vanishes  during  at  least  a 
part  of  the  dry  season  beneath  porous  surface  deposits,  to  reappear  in 
full  force  at  a  lower  point. 

The  meadows  used  for  the  growing  of  hay  and  as  pasture  are  gen- 
erally sufficiently  watered  by  the  underflow  of  Crab  Creek,  but  in 
certain  localities  ditches  have  been  constructed  to  water  portions  of 
the  bottom  too  high  to  utilize  the  underflowage. 

On  the  other  hand,  some  considerable  areas  of  marshy  land  have 
been  or  are  being  reclaimed  by  drainage,  a  notable  instance  being 
afforded  by  the  marshy  tract  extending  from  Krupp  to  Wilson 
Creek.  This  is  being  gradually  drained,  and  a  large  amount  of 
certain  localities  ditches  have  been  constructed  to  water  portions  of 
the  bottom  too  high  to  utilize  the  underflowage. 

COLUMBIA    RIVER. 

The  use  now  made  of  Columbia  River  water,  in  its  course  through 
this  region,  is  comparatively  insignificant.  A  small  amount  of  water 
is  raised  by  water  wheels,  three  or  four  of  which  are  situated  on 
the  right  bank  of  the  Columbia  below  Priest  Rapids.  The  avail- 
ability of  this  method  is  limited  by  the  comparatively  small  amount 
of  land  low  enough  to  be  watered  by  such  means.     In  only  one 
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instance  is  any  other  means  of  irrigation  used.  This  is  in  the  case 
of  the  Babcock  ranch,  near  Trinidad,  where  one  of  the  lower  ter- 
races has  become  the  site  of  a  hay  ranch,  which  is  irrigated  success- 
fully by  means  of  a  gasoline  pump  and  a  number  of  windmills. 

It  is  natural  for  the  traveler  in  this  region  to  be  disappointed  at  the 
slight  utilization  of  Columbia  River  water  and  to  inquire  into  the 
possibility  of  bringing  more  of  it  upon  the  bordering  arid  lands, 
especially  the  extensive  tract  between  the  Saddle  Mountains  and  the 
easterly  stretch  of  the  Columbia,  the  general  elevation  of  this  tract 
being  about  300  to  400  feet  above  the  Columbia  at  Sentinel  Bluffs. 

Two  possible  methods  of  accomplishing  this  suggest  themselves. 
The  first  involves  the  construction  of  a  ditch  from  some  point  on  the 
upper  Columbia  or  on  some  tributary  of  the  Columbia.  This  idea, 
when  scrutinized,  offers  great  engineering  and  financial  difficulties. 
To  reach  a  point  on  the  Columbia  of  sufficient  elevation  would  neces- 
sitate the  construction  of  many  miles  of  flume  along  precipitous  por- 
tions of  the  river  gorge.  To  bring  water  from  one  of  the  tributaries 
flowing  into  the  Columbia  from  the  Cascade  Mountains  on  the  west 
would  involve  obstacles  which,  if  less  serious  than  those  presented  by 
the  first-mentioned  plan,  would  still  be  extremely  formidable. 

The  second  apparently  possible  method  is  to  raise  the  water  from 
the  Columbia  by  pumping,  obtaining  the  power  by  utilizing  the  con- 
siderable fall  of  the  river  through  Priest  Rapids.  The  practicabil- 
ity of  such  a  scheme  must  be  determined  by  experienced  engineers 
after  examination  of  the  ground,  and  the  suggestion  is  made  here  only 
tentatively. 

It  is  said  that  surveys  were  once  made  for  a  ditch  to  head  at  Senti- 
nel Bluffs,  with  the  hope  of  irrigating  a  large  part  of  the  sandy  land 
below  the  great  bench,  but  it  was  found  that  the  ditch  level  abutted 
against  the  escarpment  of  a  terrace  about  150  feet  above  the  river  and 
fairly  close  to  its  shore  at  a  point  a  few  miles  east  of  the  Harrison 
ranch.  The  project  was  therefore  abandoned,  as  it  was  considered 
that  the  small  area  of  land  irrigable  by  such  a  ditch  would  not  justify 
its  construction,  while  to  secure  an  increase  of  elevation  sufficient  to 
overcome  the  obstacle  mentioned  Avould  require  that  the  ditch  be 
begun  above  the  Sentinel  Bluffs  and  far  up  the  rocky  gorge  north  of 
Crab  Creek. 

KITTITAS  VALLEY. 
YAKIMA  RIVER  AND  TRIBUTARIES. 

The  greater  part  of  the  arable  land  in  Kittitas  Valley  is  more  or 
less  efficiently  irrigated.  The  ditches  may  be  divided,  according  to 
the  source  from  which  they  derive  their  supply,  into  two  classes:  (1) 
those  leading  from  Yakima  River,  and  (2)  those  obtaining  water 
from  the  tributary  streams  that  head  in  the  mountains  to  the  west, 
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north,  and  east.  The  ditches  of  the  first  class  are  nearly  all  controlled 
by  corporations,  and  data  concerning  them  are  comparatively  acces- 
sible. Those  of  the  second  class  include  only  two  incorporated 
ditches  and  a  large  number  of  private  ditches,  concerning  which  it  is 
difficult  to  obtain  accurate  information. 

Canals  from  the  Yakima. — The  oldest  large  canal  on  Yakima  Kiver 
is  that  known  as  the  Ellensburg  ditch,  controlled  by  the  Ellensburg 
Water  Company.  The  construction  of  this  ditch  was  begun  in  1885, 
and  the  greater  portion  of  it  was  completed  in  1887.  It  was  enlarged 
and  extended  3  miles  in  1892.  The  cooperative  plan  upon  which  the 
controlling  corporation  was  organized  is  typical  for  the  Ellensburg 
region. 

The  ditch  was  built  by  the  farmers  in  the  irrigation  district 
covered  by  the  ditch,  stock  in  the  corporation  being  given  in  payment 
for  the  labor  performed.  The  original  value  of  the  stock  was  placed 
at  $5  per  share,  of  which  8,000  were  issued.  The  ownership  of  each 
share  entitles  the  holder  to  one-half  a  miner's  inch  of  water.  The 
price  of  water  is  fixed  each  year  and  the  money  received  applied  to 
the  payment  of  current  expenses,  which  are  low,  and  to  the  liquida- 
tion of  indebtedness  incurred  in  the  construction  of  flumes.  The 
present  price  of  water  is  about  $1  per  inch,  or  50  cents  per  acre,  but 
it  is  expected,  after  the  indebtedness  is  cleared  off,  to  reduce  this  to 
about  50  to  70  cents  per  inch. 

The  intake  of  the  canal  is  at  a  point  on  Yakima  River  about  7 
miles  above  Ellensburg.  It  sweeps  about  the  eastern  side  of  the  val- 
ley, doing  duty  for  most  of  its  entire  length  of  about  20  miles,  and 
terminates  at  a  point  about  5  miles  southeast  of  Ellensburg.  Its 
fall  is  22  inches  to  the  mile.  The  total  area  irrigated  by  this  canal  is 
about  8,000  acres. 

The  Bull  canal  is  named  for  Walter  A.  Bull,  by  whom  it  was  first 
constructed  in  1885  for  the  irrigation  of  his  own  farm.  It  was  after- 
wards enlarged  and  used  by  a  score  of  farmers,  who  organized  a  cor- 
poration, to  which  the  water  rights  of  the  ditch  were  transferred  in 
1898.  The  plan  of  organization  was  cooperative,  and  similar  to  that 
of  the  Ellensburg  Water  Company.  There  are  50  shares  of  capital 
stock,  each  valued  at  $75  and  entitling  the  holder  to  20  inches  of 
water.  The  capacity  of  the  canal  is  thus  about  1,000  inches,  or  suffi- 
cient for  the  irrigation  of  some  2,000  acres.  The  charges  for  water 
are  extremely  low.  They  average  about  20  cents  per  inch  per  annum, 
and  attained  in  1898  the  merely  nominal  figure  of  5  cents  per  inch. 

The  water  is  taken  from  Yakima  River,  and  first  does  duty  in  sup- 
plying power  for  the  flour  mill  at  Ellensburg.  From  the  tailrace  of 
the  mill  the  water  is  led  into  the  lower  part  of  Wilson  Creek  channel, 
and  this  natural  trench  is  made  to  serve  the  purposes  of  a  ditch. 

The  only  other  large  ditch  from  Yakima  River  is  that  of  the  West 
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Side  Irrigation  Company,  which  begins  about  2  miles  above  Thorp 
and  irrigates  about  7,000  acres  on  the  west  side  of  the  river.  It  has 
a  capital  stock  of  $30,000,  divided  into  000  shares  of  $50  each.  A 
share  entitles  its  holder  to  6  inches  of  water.  The  cost  of  mainte- 
nance is  about  $1,000  a  year,  or  about  35  cents  per  inch  of  water 
delivered. 

The  Cascade  Canal  Company  has  just  completed  a  canal  higher 
than  any  previously  constructed.  It  has  been  financed  locally  and  is 
to  be  operated  on  cooperative  principles.  The  intake  of  the  canal  is 
at  Dudley,  about  4  miles  above  Thorp,  and  its  total  length  is  about  42 
miles.  The  company  has  built  a  dam  across  the  outlet  of  Lake 
Kaches  that  will  raise  the  water  about  15  feet  above  low-water  mark. 
The  cost  of  the  canal  is  about  $125,000,  and  it  will  irrigate  about 
16,000  acres  of  land.  The  same  company  expects  to  construct  a 
higher  canal  in  the  near  future. 

Canals  from  tributaries  of  the  Yakima. — Of  the  canals  that  take 
water  from  the  mountain  streams,  only  two  are  incorporated.  These 
are  the  Taneum  and  the  Manastash  ditches,  named  from  the  streams 
from  which  they  derive  their  respective  supply.  They  are  among 
the  oldest  ditches  in  central  Washington,  both  having  been  constructed 
about  1875. 

The  larger  of  these  is  the  Taneum  ditch.  It  was  constructed  on  a 
cooperative  plan.  The  cost  of  construction  was  a  little  more  than 
$1,000,  and  the  corporation  was  capitalized  at  $2,000,  divided  into  40 
shares.  The  value  of  water  is  so  great,  however,  that  $500,  or  twenty 
times  the  par  value,  is  now  paid  for  a  single  share.  The  capacity  of 
this  ditch  at  high  water  is  about  5,000  inches,  but  the  supply  often 
becomes  deficient  in  late  summer. 

The  Manastash  ditch  irrigates  a  smaller  area  than  the  Taneum. 
Its  maximum  capacity  is  1,200  inches;  after  July  1  the  supply  is 
cut  down  to  half  this  amount.  The  capital  is  about  $1,500,  but  the 
actual  value  of  the  ditch  is  now  estimated  at  about  $25,000. 

In  addition  to  the  canals  above  described,  there  are  a  great  number 
of  private  ditches  taking  water  from  the  small  streams.  It  is  sup- 
posed that  the  total  acreage  irrigated  from  these  ditches  is  larger 
than  that  supplied  by  the  larger  incorporated  ditches.  However, 
those  who  are  dependent  on  the  supply  of  the  mountain  streams  often 
suffer  from  an  insufficiency  of  supply  in  the  latter  part  of  the  sum- 
mer, there  being  generally  no  more  than  enough  to  mature  grain  or 
a  single  crop  of  alfalfa. 

CONSERVATION    OF    THE    SUPPLY. 

For  the  amelioration  of  this  condition  it  is  to  be  hoped  that  storage 
reservoirs  in  the  mountain  canyons  may  be  constructed  at  some 
future  time,  so  that  the  abundant  run-off  of  the  rainy  months  can 
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be  stored  and  allowed  to  come  down  to  the  thirsty  valley  lands  in 
the  dry  season,  when  it  is  needed.  The  writer  is  unable  to  suggest 
any  sites  where  reservoirs  can  be  constructed  economically,  but  be- 
lieves that  future  necessity  may  stimulate  the  discovery  and  survey 
of  suitable  reservoir  sites. 

It  is  also  a  matter  of  the  highest  importance  to  make  certain  that 
the  means  supplied  by  nature  for  the  equalization  of  the  run-off  by 
the  storage  of  water  in  snow  banks  and  in  the  sponge-like  mantle  of 
humous  soil  and  rootlets  that  is  spread  over  the  shaded  forest  areas 
shall  be  preserved  to  the  fullest  possible  extent.  It  is  probable  that 
the  regulations  in  regard  to  the  pasturing  of  sheep  in  the  forest 
reserves  might  advantageously  be  made  more  stringent.  Greater 
pains  should  also  be  taken  to  prevent  the  spread  of  forest  fires  and 
to  secure  the  punishment  of  those  who  start  them.  There  can  be  no 
doubt  that  the  origin  of  a  great  number  of  forest  fires  is  traceable 
to  criminal  neglect,  if  not  to  the  deliberate  intention  of  those  whose 
interest  is  furthered  by  the  clearing  of  the  land.  There  is  much 
testimony  to  the  usefulness  of  the  foresters  in  checking  forest  fires, 
but  it  is  also  certain  that  the  present  force  is  inadequate  to  prevent 
immense  annual  destruction  under  existing  conditions. 

SPRINGS. 

In  the  early  days  of  the  settlement  of  the  arid  Columbia  Plains 
water  for  the  use  of  man  and  beast  was  almost  entirely  derived  from 
springs.  Even  up  to  the  present  time  many  families  are  entirely 
dependent  upon  springs  for  their  supply,  which  they  not  infrequently 
haul  for  many  miles  either  in  barrels  or  in  specially  constructed  tank 
wagons.  The  more  provident  farmers  have  cisterns  sufficiently  capa- 
cious to  contain  several  tank  loads,  and  are  thus  enabled  to  hold  a 
supply  in  reserve  to  tide  over  periods  when  time  can  not  be  spared  for 
hauling. 

The  springs  of  this  region  may  be  classified  as  surface,  canyon,  and 
fissure  springs.     The  great  majority  belong  to  the  first  two  classes. 

SURFACE   SPRINGS. 

The  term  surface  springs  is  applied  here  to  springs  in  surface  de- 
posits overlying  the  basalt,  supplying  water  that  has  not  sunk  to 
any  considerable  depth.  These  in  many  cases  appear  to  be  formed 
by  the  gathering  of  surface  water  that  has  percolated  down  through 
the  soil  mantle  and,  flowing  slowly  over  the  underlying  surface  of 
comparatively  impermeable  rock,  has  become  concentrated  in  the 
stream  channels  that  furrow  its  surface.  The  water,  small  in  amount, 
is  for  the  most  part  concealed  in  the  alluvium  and  the  wind-blown 
silt  with  which  these  channels  are  filled,  and  emerges  only  in  excep- 
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tionally  favorable  localities.  Springs  of  this  character  are  observed 
on  the  line  of  the  Northern  Pacific  at  Paha,  and  are  of  especial 
importance  on  the  slope  leading  from  Coulee  City  to  the  plateau 
northwest.  It  is  probable  that  at  this  locality  they  are  largely  in  the 
material  of  the  great  moraine  that  terminates  in  this  neighborhood. 
In  the  sloping  gullies  these  springs  are  numerous  enough  to  furnish 
the  domestic  supply  for  the  ranches  there  situated. 

CANYON    SPRINGS. 

What  are  designated  canyon  springs  are  generally  situated  in 
the  walls  of  coulees.  In  genetic  character  they  do  not  differ  Avidely 
from  springs  of  the  first  class.  The  water  supplying  them  has  come 
from  no  great  distance.  In  some  cases  they  are  supplied  by  rain 
water  that  is  absorbed  by  the  soil  and  finds  its  wTay  slowly  through 
crevices  in  the  columnar  basalt  to  a  porous  layer  of  scoria  under- 
lain by  relatively  impervious  rock;  favored  by  a  slight  slope,  the 
water  then  flows  to  some  outlet  in  a  canyon  wall.  In  other  cases  it 
is  probable  that  much  of  the  supply  is  absorbed  at  another  edge  of 
the  water-bearing  stratum  exposed  on  the  slope  of  a  not  far-distant 
canyon  from  which  there  is  a  decided  dip  toward  the  spring.  Black 
Rock  Spring,  in  the  first  coulee  south  of  upper  Crab  Creek,  appears 
to  be  a  case  in  point.  The  water  there  rises,  apparently  under  slight 
pressure,  through  the  alluvium  at  the  base  of  the  northern  wall  of 
the  coulee.  At  Wilson  Creek,  on  Crab  Creek  just  north  of  this 
spring,  the  basalt  has  a  dip  of  5°  to  the  south,  and  it  is  possible 
that  some  water  falling  on  the  side  of  Crab  Creek  Canyon  finds  its 
way  to  Black  Rock  Spring. 

The  number  of  canyon  springs  observed  was  very  large.  In  the 
valley  of  Crab  Creek  near  Krupp  a  spring  in  a  small  gully  has 
been  improved  by  digging,  and  by  a  system  of  piping  has  been  made 
to  supply  excellent  water  to  a  house  and  barnyard.  One  of  the 
most  important  springs  in  the  region  is  that  known  as  Skooten 
Spring,  which  is  situated  near  the  eastern  end  of  Saddle  Mountain, 
and  supplies  a  small  pond  without  outlet,  and  consequently  strongly 
alkaline.  There  is  no  other  surface  water  within  some  15  miles,  and 
therefore  the  horses  that  graze  within  that  radius  resort  to  this  water- 
ing place  in  great  numbers. 

Professor  Russell  has  suggested  a  method  of  increasing  the  flow 
from  the  springs  that  issue  from  sedimentary  layers  in  the  basalt 
series  by  driving  horizontal  tunnels  in  the  water-bearing  strata.  No 
springs  improved  in  this  way  were  observed,  although  small  well- 
like pits  have  been  sunk  in  many  places.  It  is  probable  that  hori- 
zontal tunneling  might  be  employed  to  advantage  in  many  cases,  but 
the  springs  generally  seem  to  occur  in  comparatively  thin  layers  of 
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scoria?  or  cinders,  so  that  the  digging  of  a  tunnel  would  be  consider- 
ably retarded  by  the  resistance  of  hard  rock  above  and  below. 

There  is  a  water  prospect  of  peculiar  history  on  the  northeastern 
slope  of  Saddle  Mountain.  Tradition  has  it  that  the  sounds  of  rush- 
ing water  used  to  attract  the  attention  of  passers-by,  and  tunneling 
was  undertaken  in  the  hope  of  tapping  the  subterranean  stream. 
The  writer  visited  the  abandoned  and  caved-in  excavation,  which 
had  penetrated  only  the  mantle  of  soil  and  basalt  rubble,  but  could 
not  detect  the  faintest  whisper  of  the  alleged  underground  current. 

FISSURE    SPRINGS. 

There  remain  to  be  described  two  very  large  springs,  one  of  which 
is  certainly  a  fissure  spring  from  a  deep  source,  while  the  other  is 
only  doubtfully  to  be  classed  as  a  fissure  spring.  The  first  of  these  is 
Clerf  Spring,  in  Kittitas  Valley,  the  second  is  a  group  of  springs  on  a 
terrace  of  the  Columbia  overlooking  the  foot  of  Priest  Rapids. 

CLERF    SPRING. 

The  salient  features  of  Clerf  Spring  have  been  mentioned  by  Mr. 
George  Otis  Smith/'  It  is  situated  at  the  side  of  a  small  canyon 
emptying  into  the  east  end  of  Kittitas  Valley.  The  natural  flow7  has 
been  increased  about  fourfold  by  an  excavation  that  affords  a  good 
exposure  of  the  rocks  from  which  the  spring  issues.  Fine  shales  and 
shaly  sandstones  of  the  Ellensburg  formation  here  rest  upon  the 
vesicular  surface  of  a  basalt  flow.  The  water  boils  up  from  the  bot- 
tom of  the  excavation,  which  has  penetrated  the  basalt  to  a  slight 
extent,  and  probably  emerges  from  crevices  in  the  rock  concealed  by 
fine  debris.  The  water  is  of  good  quality,  but  noticeably  warm,  the 
temperature  being  62°  F.  An  irrigating  ditch  leads  from  the  spring- 
along  the  side  of  the  canyon  to  the  side  of  the  main  valley.  The  sup- 
ply from  this  fountain,  which  is  all  utilized  in  the  dry  season,  is 
estimated  to  be  about  120  miner's  inches. 

The  high  temperature  of  the  water  and  the  mode  of  its  emergence 
show  that  this  spring  is,  in  effect,  a  natural  artesian  well  and  that  its 
water  is  forced  up  by  hydrostatic  pressure  from  a  considerable 
depth.  The  facts  point  unmistakably  to  the  existence  in  this  vicinity 
of  conditions  favorable  to  obtaining  flowing  artesian  water.  An 
experiment  in  this  direction  has  been  made,  and  boring  has  been  begun 
within  a  few  rods  of  the  spring  in  the  hope  of  obtaining  an  additional 
supply  of  water.  The  well  has  been  carried  to  a  depth  of  about  40 
feet  in  the  basalt,  and  water  has  been  obtained  which,  on  a  test,  rose 
just  above  the  surface.    The  drilling  was  done  with  poor  machinery 

"Smith,  G.  O.,  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Washing- 
ton: Water-Sup.  and  Irr.  Paper  No.  55,  U.  S.  Geol.  Survey,  1901,  p.  45. 
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and  evidently  by  an  inexperienced  driller.  The  progress  in  the  solid 
basalt  is  said  to  have  generally  been  less  than  a  foot  a  day,  or  about 
one-sixth  of  the  rate  attained  by  experienced  drillers  in  the  wheat 
country.  The  well  was  finally  abandoned  and  has  caved  in  about  the 
top  so  as  to  be  at  present  useless. 


HARRISON    SPRTNGS. 


At  the  southwest  extremity  of  the  arid  plain  that  stretches  south 
from  the  base  of  Saddle  Ridge  there  is  a  strip  of  land  about  3  miles 
long  by  one-half  mile  wide  which  is  green  with  a  luxuriant  growth  of 
swamp  hay.  On  the  border  of  this  oasis  there  are  clustered  a  group 
of  farm  buildings  and  corrals  and  a  strip  of  old  orchard,  flourishing 
and  bearing  abundantly.  A  large  force  of  farmers  and  cattle  men 
live  upon  the  place,  which  is  generally  known  as  the  Harrison  ranch. 

Along  a  line  in  the  central  part  of  the  hay  meadow  there  are  a 
number  of  small  ponds  bordered  with  tides  and  other  aquatic  plants. 
The  ponds  are  very  deep  in  proportion  to  their  small  area,  and  are 
perennially  supplied  from  beneath  with  living  water  colder  than  that 
of  the  river  and  of  good  quality.  The  overflow  originally  escaped  to 
the  river  from  both  ends  of  the  meadow,  but  since  the  east  end  is  now 
banked  by  a  sand  dune  the  escape  is  mainly  to  the  west,  where  it  falls 
over  the  terrace  in  a  stream  of  probably  several  hundred  miner's 
inches. 

In  its  original  state  the  area  now  occupied  by  this  oasis  was  a 
marshy  lake,  which  has  only  been  made  available  for  agriculture  by 
artificial  drainage.  Even  now  the  meadow  land  beneath  the  surface 
is  saturated  with  water  and  quakes  in  many  places  beneath  the  foot- 
It  is  therefore  unfit  for  growing  grain  or  alfalfa.  The  present  crop 
is  chiefly  of  wild  swamp  hay,  but  an  endeavor  is  being  made  to  im- 
prove the  quality  of  the  forage  by  gradually  supplanting  it  with 
domesticated  grasses.  The  crop  is  mainly  used  on  the  ranch  for  the 
winter  feeding  of  cattle  and  horses,  whose  summer  range  extends 
over  a  large  part  of  the  desert  to  the  north.  About  1,500  head  of 
stock  were  wintered  here  in  1901-2. 

The  waste  of  the  large  surplus  of  water  from  these  springs,  in  a 
laud  where  water  is  so  precious,  must  strike  anyone  as  a  thing  to  be 
regretted,  and  gives  rise  to  the  inquiry  whether  more  of  it  might  not 
be  used.  The  hope  of  this  does  not  appear  to  be  very  good.  The  strip 
of  land  between  the  meadow  and  the  river  is  not  in  general  more  than 
5  feet  above  the  springs,  and  might,  perhaps,  he  irrigated  readily  by 
windmills,  but  the  soil  is  very  gravelly  and  apparently  infertile,  so 
that  it  is  doubtful  whether  the  expense  of  irrigating  it  would  be 
repaid.  The  ranch  is  situated  on  the  lowest  terrace  above  the  actual 
flood  plain  of  the  river,  and  there  seems  to  be  little  or  no  land  that 
can  profitably  be  irrigated  from  the  springs  by  gravity  alone.     On  the 
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other  hand,  however,  it  appears  possible  to  extend  the  area  of  hay 
land  by  draining  some  of  the  broad  shallow  ponds  at  the  eastern  end 
of  the  meadows. 

The  geologic  conditions  which  give  rise  to  these  springs  can  not 
be  observed  directly,  for  the  bed  rock  in  this  vicinity  is  mostly  con- 
cealed. A  few  small  outcrops  of  basalt  are  seen  north  of  the  oasis, 
and  this  rock  forms  the  bed  of  the  river  at  Priest  Rapids.  The  river- 
ward  escarpment  of  the  terrace  upon  which  the  springs  are  situated 
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-Section  illustrating  explanation  of  Harrison  Springs  on  the  hypothesis  that  the 
water-hearing  stratum  has  heen  tapped  by  erosion. 


is  of  gravel,  without  rock  exposures.  The  rock  from  which  the  water 
issues  is  not  exposed.  From  the  rather  meager  observations  two  ex- 
planations of  the  phenomena  observed  seem  possible.  Under  either 
hypothesis  the  water  is  supposed  to  flow  from  some  porous  reservoir 
stratum  (possibly  the  white  tuff  bed  exposed  near  Sentinel  Bluffs) 
fed  by  rain  and  snow  falling  on  Saddle  Mountain. 

According  to  the  first  hypothesis,  illustrated  in  fig.  2,  the  water- 
bearing stratum  has  been  tapped  by  erosion.  The  fact  that  the  water 
issues  along  a  comparatively  short  line  may  be  explained  on  the  sup- 
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Fig.  3. 


-Section  illustrating  explanation  of  Harrison  Springs  on  the  hypothesis  that  the 
springs  are  situated  along  a  break  in  the  basalt. 


position  that  the  water-bearing  stratum  is  lenticular,  and  that  a 
tongue-like  projection  has  been  cut  off  here.  The  tuff  bed  already 
mentioned  appears,  indeed,  to  have  a  lenticular  form,  since  it  is  not 
seen  west  of  the  river  at  Sentinel  Bluffs  nor  south  of  it  at  Priest 
Rapids. 

An  alternative  explanation  may,  however,  be  given  for  Harrison 
Springs.  (See  fig.  3.)  The  fact  that  the  springs  are  in  a  straight 
line  parallel  to  the  structural  ridge  across  the  river  strongly  suggests 
that  they  may  be  situated  along  a  break  in  the  basalt  formed  by  the 
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earth  forces  that  produced  the  ridge.  This  hypothesis  is,  perhaps,  on 
the  whole,  somewhat  more  probable  than  the  one  already  given.  The 
coolness  of  the  water,  however,  shows  that  it  does  not  come  from  a 
great  depth.  The  fracture,  if  it  exists,  may  therefore  be  a  minor  one 
in  the  basalt  above  the  water-bearing  stratum,  produced  by  the  rather 
sharp  bending  of  the  basalt  and  not  extending  indefinitely  downward 
like  a  true  fault  fissure. 

SURFACE  WELLS. 

The  numerous  farm  wells  in  Kittitas  Valley  belong  mainly  to  the 
surface  type  and  are  sunk  in  valley  alluvium.  There  are  some,  how- 
ever, which  penetrate  Ellensburg  sandstones  for  short  distances  and 
probably  derive  their  supply  from  distant  sources,  thus  being  classi- 
fiable genetically  with  the  deep  wells.  Their  discussion,  therefore, 
will  be  deferred  to  a  later  section. 

The  surface  wells  proper  of  the  valley  perhaps  require  no  descrip- 
tion. The  few  wells  very  near  Columbia  River,  and  the  more  numer- 
ous ones  in  Crab  Creek  bottom,  which  derive  their  supply  from  the 
underflow  of  the  neighboring  streams,  may  also  be  passed  with  brief 
mention. 

The  great  majority  of  the  shallow  wells  in  the  Columbia  Plains 
are  sunk  to  depths  varying  from  13  to  75  feet  in  the  alluvial  deposits 
that  floor  the  dry  coulees  and  their  tributar}^  gulches.  The  sugges- 
tion advanced  in  the  discussion  of  springs,  that  the  water  on  reaching 
bed  rock  has  been  concentrated  in  the  old  subsurface  channels  accord- 
ing to  natural  laws  of  drainage,  is  equally  applicable  in  the  case  of 
these  wells,  for  the  nature  of  springs  and  of  surface  wells  is,  in  fact, 
essentially  the  same,  save  that  in  the  former  the  configuration  of  the 
ground  is  such  that  the  water-saturated  bed  emerges  on  the  surface. 

A  notable  well  of  this  class  supplies  the  small  village  of  Ephrata. 
Just  west  of  the  town  a  canyon  opens  out  upon  the  gravelly  plain. 
There  is  a  small  surface  flow  in  the  lower  part  of  the  canyon,  which 
vanishes  in  the  broad  delta-like  alluvial  fan  below  its  mouth,  where 
a  shallow  well  taps  the  sunken  stream,  and  a  windmill  pumps  it 
into  a  tank,  from  which  it  is  distributed  through  a  system  of  pipes. 
There  are  several  other  wells  in  the  neighborhood  of  the  town,  gen- 
erally from  50  to  75  feet  deep,  and  gathering  their  supply  from 
gravel  that  was  probably  laid  down  by  the  Columbia  in  Glacial  time. 

Of  more  especial  interest  are  the  fairly  numerous  wells  on  the 
plateau  west  of  Coulee  City.  These  have  all  been  dug  by  hand, 
for  the  most  part  in  the  sand,  clay,  and  gravel  brought  down  by  the 
ancient  glaciers  from  the  north.  Two  such  wells  are  situated  in  sec. 
14,  R.  25,  T.  27  E.,  one  of  which  penetrates  42  feet  of  gravel,  clay, 
and  sand  and  18  feet  of  basalt,  while  the  other  attains  a  depth  of 
65  feet  without  reaching  basalt. 


60  GEOLOC4Y,   ETC.,   OF    EAST-CENTRAL    WASHINGTON.       [no.  118. 

The  quantity  and  stability  of  the  supply  from  surface  wells  vary 
widely  in  different  cases.  The  wells  last  mentioned  appear  to  meet 
all  demands  except  when  the  wind  for  the  windmills  fails  for  a  con- 
siderable time.  The  wells  in  the  coulees  often  give  an  abundant 
supply;  one  in  Lind  Coulee,  notably,  met  the  domestic  needs  at  one 
time  of  a  score  of  families.  On  the  other  hand,  some  surface  wells 
often  fail  to  meet  the  demands  made  upon  them  in  the  dry  season, 
and  it  may  be  said  in  general  that  the  chances  of  obtaining  a  generous 
and  reliable  supply  of  water  are  smaller  in  surface  wells  than  in  deep 
borings  in  the  basalt. 

DEEP  WELLS. 
INTR<  )DUCTORY    STATE  M  ENT. 

Historically  the  deep  well   represents  the   Latesi    development  in 

the  methods  of  obtaining  water  on  the  Columbia  Plains.  When  the 
fertility  of  the  plateau  lands  was  recognized  their  settlement  became 
inevitable,  but  the  question  of  water  supply  was  at  first  a  serious  one. 
The  waste  of  time  and  labor  involved  in  hauling  from  the  widely 
scattered  springs,  often  necessitating  the  pulling  of  a  heavy  tank 
over  miles  of  deeply  rutted  and  hilly  road,  led  the  wheat  growers  to 
seek  a  method  by  which  a  sufficient  supply  of  water  could  be  obtained 
at  any  desired  point,  even  upon  the  summits  of  the  plateau.  The 
deep  drilled  wTells  solve  the  problem  successfully,  and  they  are  being 
put  down  by  all  who  are  able  to  meet  the  expense,  which  is  often 
considerable. 

The  charges  for  well  drilling  in  the  southern  part  of  the  wheat 
lands  are  as  follows:  In  soil,  gravel,  etc.,  above  basalt,  50  cents  a, 
foot;  in  rock  (which  is  generally  in  great  part  massive  basalt,  though 
other  varieties  after  the  first  basalt  is  struck  are  not  differentiated), 
$2.25  per  foot  for  the  first  300  feet  and  50  cents  per  foot  additional 
for  each  100  feet  below  that  depth.  Water  for  the  engine,  coal,  and 
board  for  the  outfit  are  furnished  by  the  owner  of  the  ranch. 

In  the  vicinity  of  Ritzville  the  terms  are  slightly  higher;  for  the 
first  300  feet  the  charge  is  there  $2.50,  and  50  cents  higher  for  each 
additional  50  feet.  On  these  terms,  however,  the  driller  furnishes 
coal,  the  cost  of  which  is  estimated  at  about  25  cents  for  each  foot 
drilled  in  basalt.  In  all  cases  water  is  guaranteed,  and  the  risk  of  los- 
ing tools  (which  generally  also  necessitates  abandoning  the  hole)  is 
borne  by  the  driller.  The  average  cost  of  a  well  at  these  rates  is 
probably  not  far  from  $800,  though  it  reaches  a  maximum  of  over 
$2,000. 

The  rates  charged  for  drilling  appear  fairly  reasonable  consider- 
ing the  cost  of  machinery,  the  risk'  of  loss,  and  the  degree  of  skill 
required.  The  hardness  of  the  rocks  is  such  as  to  call  for  very  care- 
ful tempering  of  the  drills  and  skill  and  patience  in  manipulation. 
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There  seems  to  be  a  strong  personal  factor  in  the  success  of  drilling 
operations,  many  drillers  having  records  unmarred  by  loss  of  tools 
or  failure  to  obtain  water,  while  the  work  of  others  seems  frequently 
to  end  in  disaster. 

In  Kittitas  Valley  deep  wells  have  never  attained  importance  as 
a  source  of  water  supply.  This  fact  is  due  to  the  more  favored  con- 
dition of  the  valley.  In  the  lower  portion  shallow  hand-dug  wells 
have  been  found  adequate  to  supply  the  wants  of  the  house  and 
barnyard.  The  much  larger  demands  of  irrigation  have  been  sup- 
plied more  or  less  satisfactorily  with  water  from  the  Yakima  and  its 
tributaries.  Thus,  although  it  has  long  been  recognized  by  intelli- 
gent observers  that  the  basin-like  structure  of  the  valley  is  favorable 
to  artesian  water,  the  demand  for  an  artesian  supply  has  not  been 
strong  enough  to  give  rise  to  energetic;  prospecting.  The  two  bor- 
ings that  have  been  made  were  unsuccessful  and  have  thus  tended  to 
destroy  the  hope  of  obtaining  flowing  wells  in  the  valley,  but,  as 
will  be  shown  later,  these  experiments  were  so  inefficiently  carried 
out  as  to  have  little  evidential  value. 

The  purpose  of  the  following  discussion  is  primarily  economic,  and 
it  will  attain  its  object  if  it  helps  the  reader  to  decide  to  what  extent 
he  can  profitably  invest  in  deep  borings.  It  is  the  scientific  questions 
involved  in  this  problem  that  the  writer  proposes  to  treat  here.  It 
will  be  shown,  for  one  thing,  to  what  depths,  approximately,  it  is 
necessary  to  go  in  a  given  part  of  the  district  for  a  sufficient  sup- 
ply. But  a  question  which  is  perhaps  more  important,  and  whose 
solution  requires  scientific  investigation  of  a  special  kind,  is  whether 
artesian  water  exists  in  the  region.  The  fact  that  no  flowing  wells 
exist  at  present  is  not  conclusive  evidence  for  a  negative  answer  to 
this  question,  since  the  all-important  rules  for  the  proper  casing  of 
wells  have  been  generally  ignored.  Furthermore,  an  endeavor  will 
be  made  to  show  that  underground  pressure,  even  though  insufficient 
to  raise  water  to  the  surface,  may  often  advantageously  be  utilized 
by  proper  casing. 

Since  this  paper  is  intended  chiefly  for  the  benefit  of  nonscientific 
readers,  it  will  be  necessary,  in  order  to  make  the  discussion  of  arte- 
sian problems  clear,  to  insert  at  this  point  a  statement  of  the  prin- 
ciples upon  which  artesian  flow  depends,  and  to  show  how  those  prin- 
ciples should  be  applied  in  prospecting  for  artesian  waters  and  in 
constructing  artesian  wells. 

GENERAL    THEORY   OF    ARTESIAN    WATER. 

The  conditions  that  usually  determine  the  flow  of  an  artesian  well 
may  be  illustrated  as  follows:  Suppose  two  water-tight  basins  of 
similar  form  are  so  fastened  together  as  to  lie  one  within  the  other, 
with  a  small  water-filled  space  between.    Let  the  upper  basin  be  per- 
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forated,  and  let  the  perforation  be  tightly  fitted  with  a  tube.  Ac- 
cording to  a  simple  and  familiar  law,  the  water  will  rise  in  this  tube 
to  the  height  at  which  it  stands  in  the  space  between  the  basins,  and 
if  the  mouth  of  the  tube  be  lower  than  the  rim  of  the  lower  vessel 
and  the  latter  be  kept  full  by  some  external  supply  a  constant  stream 
will  issue  from  the  pipe.  Such  an  arrangement  as  is  here  described 
would  be  a  working  model  of  an  artesian  basin.  The  construction  of 
our  model  might  be  slightly  modified,  however,  without  essentially 
changing  the  principles  involved.  For  the  basin-shaped  space  we 
may  substitute  one  between  two  superposed  troughs  or  between  two 
inclined  boards,  provided  that  the  space  is  closed  except  along  its 
upper  edge.  In  either  case  a  flow  would  be  obtained  from  any  aper- 
ture beloAV  the  lowest  point  of  the  rim  of  the  reservoir  space.  The 
essential  principle  illustrated  in  this  simple  manner  is  expressed  by 
the  familiar  saying  that  "  water  seeks  its  own  level." 

In  natural  artesian  districts,  however,  the  conditions  do  not  have 
the  ideal  simplicity  of  our  primitive  model.  A  number  of  additional 
factors  come  into  play,  materially  complicating  the  problem.     We 


Fig.  4. — Ideal  section  illustrating  the  requisite  conditions  for  artesian  wells.      (After 

Chamberlin.) 

have  now  to  show  to  what  extent  natural  conditions  are  represented 
by  our  model,  and  in  Avhat  respects  the  difference  of  actual  from  ideal 
conditions  leads  to  modification  of  the  simple  rules  of  artesian  flow. 

Suppose  a  basin-like  valley,  underlain  by  a  stratified  series  of  rocks 
that  have  a  basin  structure,  so  that  the  form  of  the  layers  corresponds 
in  a  general  way  to  that  of  the  surface  of  the  ground.  Suppose  that 
in  this  stratified  series  there  lies  a  bed  of  porous  material,  such  as  a 
coarse,  open  sandstone,  capable  of  absorbing  and  storing  a  large 
quantity  of  water,  and  that  this  porous  bed  is  overlain  and  under- 
lain by  some  material,  such  as  compact  clay  shale,  which  is  practi- 
cally water-tight.  If  the  upturned  edges  of  the  sandstone  stratum 
are  exposed  along  the  slopes  of  the  hills  surrounding  the  valley,  they 
will  absorb  a  portion  of  the  rain  falling  upon  the  hills,  and,  in  some 
cases,  of  streams  flowing  over  the  outcrop.  The  porous  bed  will 
become  saturated  with  water  and  constitute  a  great  underground 
reservoir,  from  which  an  artesian  flow  may  be  obtained  by  sinking  a 
well  at  some  point  lower  than  the  exposed  area  where  the  bed  absorbs 
its  supply.     (See  figs.  4,  5,  6.) 

While  the  conditions  in  the  basin  valley  are  similar  to  those  of  the 
simple  model  in  the  most  essential  respects,  there  are  two  noteworthy 
particulars  in  which  the  natural  and  the  ideal  conditions  differ. 
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111  our  working  model  we  have  for  a  reservoir  an  open  space,  and 
the  basins  that  form  its  walls  are  water-tight.  In  nature  the  reser- 
voir is  generally  constituted  by  an  aggregation  of  minute  but  con- 
nected pores  between  the  grains  or  fragments  that  constitute  the 
water-bearing  bed,  and  the  confining  strata  are  never  absolutely 
impervious.  Both  these  modifications  of  ideal  conditions  have  an 
important  influence  upon  the  flow  of  artesian  streams. 

First,  the  water  flowing  to  a  well  through  the  small  interstitial 
spaces  encounters  a  notable  amount  of  frictional  resistance,  which 
has  the  effect  of  retarding  the  flow.  In  order  to  counterbalance  the 
consequent  loss  of  artesian  pressure  and  obtain  a  generous  flow  the 
well  must  be  situated  at  a  point  considerably  lower  than  the  area  of 
absorption  and  the  depression  must  be  increased  in  proportion  to  the 
distance  from  the  source  of  supply. 

Second,  leakage  through  the  confining  strata,  by  diminishing  arte- 
sian pressure, acts  in  the  same  unfavorable  way  as  frictional  resistance, 
though  loss  from  this  source  is  not  likely  to  be  serious  if  the  region 
between  the  area  of  supply  and  the  wells  is  elevated. 

When,  therefore,  we  inquire  as  to  whether  the  stratigraphic  condi- 
tions in  a  given  region  are  favorable  to  the  hope  of  obtaining  artesian 
water  Ave  must  not  look  for  absolute  impermeability  in  the  strata  con- 
fining the  water  beds.  It  is  necessary  only  that  the  resistance  which 
the  water  must  overcome  in  escaping  through  the  confining  strata  be 
large  in  comparison  with  that  which  it  encounters  in  flowing  through 
the  porous  stratum.  In  other  words,  the  stratigraphic  conditions  are 
fulfilled  when  we  have  a  relatively  permeable  stratum  confined 
between  strata  that  are  relatively  impermeable. 

We  have  still  to  consider  another  difference,  perhaps  even  more 
important,  between  theoretical  and  actual  conditions.  We  have 
assumed  up  to  this  point  the  absence  of  any  exposure  of  the  water- 
bearing stratum  affording  opportunity  for  leakage  lower  than  the 
mouth  of  the  artesian  wTells.     It  is  probable  that  this  condition  is 
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Fig.  5. — Section  illustrating  thinning  out  of  a  porous  water-bearing  bed.      (After  Cham- 

berlin.) 

rarely  fulfilled  in  nature.  Most  valleys  are  drained  by  streams,  and 
the  gorge  by  which  a  river  leaves  a  basin-like  structural  depression 
will  cut  the  water-bearing  stratum  and  expose  it  at  a  lower  elevation 
than  any  point  on  the  valley  floor.  An  ideal  artesian  basin  must  be 
topographically  an  undrained  basin,  and  that  is  an  exceptional  topo- 
graphic form.  It  is  probable  that  in  the  great  majority  of  artesian 
districts  the  water-bearing  stratum  is  cut  at  points  lower  than  any  of 
the  wells. 
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The  effect  of  such  leakage  upon  the  behavior  of  artesian  water 
must  therefore  be  inquired  into  and  the  reason  shown  why  it  does 
not  destroy  underground  pressure  in  the  imperfect 
reservoirs.  It  is  a  more  or  less  familiar  truth  that 
moving  underground  water  follows  the  path  of  least 
resistance.  More  definitely  and  specifically,  we  may 
say  that  the  water  at  any  given  point  in  an  artesian 
basin  will  tend  to  escape  to  the  surface  by  the  route 
on  which  it  will  have  to  do  the  least  work  in  over- 
coming resistance.  The  resistances  to  be  overcome 
are  friction  and  gravitation.  It  is  readily  conceiv- 
able that  in  the  area  near  a  well  the  water  can 
more  easily  overcome  the  gravitative  resistance  and 
rise  to  the  surface  as  an  artesian  flow  than  the  great 
frictional  resistance  it  woidd  encounter  in  passing 
to   a   distant  low   outcrop,   even   though   aided   by 
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An  illustration  of  the  principle  here  involved  may 
be  cited  which  is  familiar  to  the  experience  of  every- 
one. In  a  city  house  furnished  with  a  system  of 
wate  pipes,  the  turning  on  of  faucets  in  the  lower 
stories  will  not  generally  stop  the  flow  from  the 
faucets  on  the  floors  above,  though  it  may  mater- 
ially diminish  its  force  and  volume. 

The  considerations  set  forth  in  the  later  para- 
graphs have  been  recognized  by  others,0  and  Profes- 
sor Russell,  from  whose  paper  6  the  accompanying 
figure  (fig.  6)  has  been  taken,  has  proposed  for  the 
form  of  reservoir  in  question  the  term  "  artesian 
slope."  It  seems  to  the  present  writer,  however, 
that  it  has  not  been  sufficiently  recognized  that  leak- 
age in  natural  reservoirs  is  almost  universal.  When 
a  district  is  examined  with  reference  to  artesian  con- 
ditions, hope  of  obtaining  artesian  flows  should  not 
be  abandoned  on  finding  that  the  water-bearing 
strata  were  exposed  at  low  levels,  but  an  attempt 
should  rather  be  made  to  estimate  the  degree  to  which 
the  existing  natural  leakage  will  injure  the  artesian 
reservoir.  It  will  be  interesting  to  discuss  briefly  the 
data  upon  which  such  estimates  may  be  based. 

It  is  obvious,  in  the  first  place,  that  the  danger 
from  leakage  is  great  in  proportion  as  low  outcrops  are  extensive.  l 
In  the  case  of  a  basin  valley,  for  example,  it  is  desirable  that  the 

«Chamberlin,  T.  C.   Requisite  and  qualifying  conditions  of  artesian  wells:  Fifth  Ann.  Rept. 
U   S.  Geol.  Survey,  1884,  p.  142,  fig.  17. 
fc  Bull.  U.  S.  Geol.  Survey  No.  199, 1902,  p.  157. 


Fig. 6.— Section  of 
an     artesian     slope. 

(After  Russell.) 
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gorge  through  which  the  river  emerges  be  narrow  in  proportion  to  the 
size  of  the  expanded  part  of  the  valle}^  Another  fact,  perhaps  less 
evident,  is  that  it  is  disadvantageous  for  the  river  to  have  cut  down 
deeply  below  the  general  level  of  the  valley  floor.  In  such  a  case  the 
water-bearing  stratum  may  be  very  extensively  exposed,  and  the  arte- 
sian basin  indeed  be  divided  into  two  scoop-shaped  segments  with  the 
water  bed  exposed  along  the  entire  edge  of  each.  By  a  similar  course 
of  reasoning  it  may  be  perceived  that  in  a  given  artesian  district 
porous  beds  lying  low  down  in  the  series  will  in  general  be  less  exten- 
sively exposed  along  the  rivers  than  higher  beds  (see  fig.  11,  p.  65). 

The  effect  of  leakage  is  dependent,  in  the  second  place,  on  the 
proximity  of  the  low-level  outcrops  to  the  place  where  the  well  is 
to  be  sunk.  In  the  close  vicinity  of  such  outcrops  the  route  of 
escape  by  the  natural  exposure  of  the  porous  stratum  may  offer 
less  resistance  than  must  be  overcome  in  rising  through  the  avcIIs. 
At  points  more  remote  from  the  region  of  leakage,  on  the  other 
hand,  the  loss  of  pressure  will  be  much  less  serious,  and  at  great 
distances  it  may  become  negligible.  In  a  long  synclinal  valley, 
underlain  by  a  water-bearing  stratum  having  the  form  of  a  trough 
with  open  ends,  the  chances  of  obtaining  an  artesian  flow  in  the 
central  portions  of  the  depression  would  generally  be  excellent,  and 
loss  of  pressure  by  leakage  need  be  apprehended  only  near  the  ends  of 
the  trough.  In  the  case  of  an  inclined  stratum  exposed  along  the 
greater  portion  of  its  lower  edges  the  danger  from  leakage  would 
probably  reach  a  maximum.  The  diminution  of  pressure  from  leak- 
age would  be  greatest  near  the  low  outcrops ;  but,  on  the  other  hand, 
those  situated  farther  away  would  generally  be  at  a  disadvantage  from 
being  on  higher  ground,  and  the  most  favorable  location  for  wells 
would  be  in  an  intermediate  zone  where  conditions  were  somewhat 
balanced. 

From  the  foregoing  discussion  it  should  be  evident  that  the  pros- 
pector for  artesian  water  may,  according  to  his  judgment  and 
experience,  make  a  more  or  less  approximate  estimate  of  the  effect 
of  natural  leakage.  Each  case  must  of  course  be  considered  for 
itself,  yet  certain  rough  generalizations  can  be  made.  In  the  central 
portion  of  a  basin  valley,  from  which  a  river  flows  by  a  narrow  gorge 
and  does  not  deeply  trench  the  valley  floor,  or  in  the  middle  of  a 
synclinal  trough  of  great  length,  the  loss  of  pressure  by  leakage  is 
not  likely  to  diminish  the  pressure  in  a  fatal  degree.  On  the  other 
hand,  a  well  sunk  to  an  inclined  stratum  extensively  exposed  at  a 
low  level  will  generally  not  succeed  unless  the  stratum  is  of  very  great 
extent  and  other  conditions  are  favorable.  The  effect  of  leakage 
is,  however,  at  best  a  someAvhat  indefinite  factor  in  the  artesian 
problem. 
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The  discussion  to  this  point  has  related  to  the  structural,  strati- 
graphic,  and  topographic  conditions  influencing  artesian  flows,  or, 
in  other  words,  to  the  nature  of  the  reservoir.  Of  no  less  impor- 
tance is  the  supply  which  fills  this  reservoir  and  supplies  the  loss 
from  wells  and  springs.  In  order  that  a  well  shall  continue  to  flow, 
the  water  level  in  the  artesian  reservoir  must  be  kept  higher  than  the 
mouth  of  the  well.  This  supply,  as  has  been  briefly  noted,  is  chiefly 
from  rain  falling  upon  the  high  exposures  of  the  porous  stratum 
and  immediately  absorbed.  It  may,  however,  be  augmented  by  a  con- 
siderable amount  not  falling  directly  upon  the  area  of  absorption, 
but  flowing  over  it  for  short  distances  in  temporary  rills,  and  by  leak- 
age from  streams  that  flow  across  the  outcrop  of  the  porous  stratum. 
A  case  illustrating  leakage  from  a  stream  is  cited  by  Mr.  George  Otis 
Smith  in  his  description  of  the  Moxee-Atanum  basin.0  In  this  man- 
ner areas  remote  from  the  zone  of  outcrop  may  contribute  to  the 
artesian  reservoir. 

The  amount  of  water  supplied  to  an  artesian  basin  depends  on  the 
area  of  the  zone  of  absorption  and  on  the  amount  of  precipitation 
along  that  zone.  The  zone  of  absorption  is  necessarily  higher  than 
the  flowing  wells  and  consequently  lies  usually  in  a  region  of  greater 
rainfall.  Its  area,  however,  is  generally  small  in  proportion  to  that 
of  the  whole  artesian  basin,  and  the  amount  of  water  that  can  be 
drawn  from  the  underground  reservoir,  far  from  being  unlimited,  is 
very  definitely  determined  by  the  average  precipitation  on  a  compara- 
tively small  area.  If  the  amount  drawn  off  by  wells  and  springs 
exceeds  the  amount  annually  furnished  by  rain  and  snow,  a  diminu- 
tion of  artesian  pressure  must  result.  Many  wells  that  gave  a  pow- 
erful stream  at  the  beginning  have  ceased  to  flow  when  borings  have 
multiplied  in  their  vicinity.  This  danger  of  wasting  the  artesian 
supply  has  been  recognized  by  the  legislature  of  the  State  of  Wash- 
ington,6 which  has  framed  a  wise  law  compelling  owners  to  cap  their 
wells  during  the  rainy  season  (from  October  1  to  April  1)  and  to  use 
onty  such  amounts  during  that  period  as  are  necessary  for  domestic 
purposes  and  stock. 

We  may  now  recapitulate  the  necessary  conditions  of  artesian  flow, 
as  follows: 

(1)  A  porous  stratum  capable  of  absorbing  large  quantities  of 
water  and  allowing  it  free  passage. 

(2)  Relatively  impermeable  strata  above  and  below,  capable  of 
confining  most  of  the  water  under  pressure. 

(3)  An  exposure  of  the  edge  of  the  porous  stratum  where  it  may 
absorb  water  falling  upon  it,  and,  to  some  extent,  that  of  rills  and 
streams  flowing  across  it. 

a  Smith,  G.  O.,  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.:  Water- 
Sup,  and  Irr  Paper  No.  55,  U.  S.  Geol.  Survey,  1901,  p.  56. 
&Stat.  Washington,  chap.  121  (H.  B.  No.  203). 
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(-±)  An  inclination  or  folding  of  the  water-bearing  stratum  and 
a  corresponding  slope  of  the  surface  of  the  ground,  so  that  the  pro- 
posed wells  may  be  located  below  the  zone  of  supply. 

(5)  Absence  of  low-level  outcrops  sufficiently  extensive  and  suffi- 
ciently near  the  proposed  wells  to  cause  great  loss  of  pressure  by 
leakage. 

(6)  A  sufficient  supply  of  rain  water  to  maintain  the  artesian 
head. 

DATA  CONCERNING  DEEP  WATERS. 
ARTESIAN  DIVISIONS  OF  THE  REGION. 

We  may  now  proceed  to  discuss,  in  the  light  of  the  general  prin- 
ciples just  laid  down,  the  artesian  problems  for  the  region  here  con- 
sidered. In  this  discussion  we  must  use  the  facts  already  set  forth 
concerning  the  natural  conditions  of  the  region  and,  further,  the  well 
records  that  give  direct  evidence  regarding  the  occurrence  and 
behavior  of  underground  waters. 

The  facts  can  not  be  discussed  for  the  region  as  a  whole,  since  con- 
ditions vary  considerably  in  different  portions.  A  division  can  be 
made,  however,  into  districts  in  each  of  which  the  natural  conditions 
are  fairly  uniform.  Those  in  which  deep  wells  already  exist  are 
designated  (1)  the  Connell-Ritzville  district,  (2)  the  Hartline  district, 
(3)  the  Quincy  district,  and  (4)  the  Kittitas  Valley  district.  In  the 
desert  area  traversed  by  Saddle  Ridge  there  are  no  deep  wells,  but 
the  natural  conditions  will  be  discussed  separately  for  the  portions 
of  the  desert  south  of  and  north  of  that  prominent  structural  feature. 

STRATIGRAPHIC    CONDITIONS    IN    OOLUMRIA   PLAINS. 

The  stratigraphic  conditions  are  so  uniform  throughout  the  Colum- 
bia Plains  that  it  will  be  profitable  to  consider  these  conditions  from 
the  artesian  standpoint  before  proceeding  to  discuss  the  special  fea- 
tures obtaining  in  each  of  the  districts  just  blocked  out,  all  of  which 
lie  within  the  Columbia  Plains  except  the  Kittitas  Valley,  where  the 
stratigraphy  is  somewhat  different  and  must  be  discussed  separately. 

In  that  portion  of  the  Columbia  Plains  considered  in  this  report 
the  Ellensburg  beds  are  so  distributed  as  to  afford  little  ground  for 
the  hope  that  an  artesian  supply  can  be  obtained  from  them.  The 
obstacles  to  such  a  hope  are  the  facts  that  the  high  outcrops  receive 
but  a  very  small  supply  of  atmospheric  water,  and  that  the  beds  are 
too  extensively  dissected  by  the  canyons  and  coulees. 

If  artesian  water  is  to  be  obtained  in  this  portion  of  the  plains  it 
must  be  from  the  basalt  series  or  from  beds  of  sandstone  intercalated 
with  the  basalt.  In  discussing  the  artesian  problem  for  this  area, 
therefore,  it  is  important  to  consider  whether  the  manner  in  which 
the  basalt  series  is  built  up  is  favorable  to  the  storage  of  deep  water 
and  its  conservation  under  pressure.       The   required   condition,  it 
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will  be  remembered,  is  that  strata  capable  of  containing  much  water 
and  of  allowing  it  to  pass  with  comparative  freedom  shall  alternate 
with  strata  that  are  comparatively  impervious. 

The  lithologic  character  of  the  basalt,  including  its  texture  and  the 
structural  features  of  the  massive  flows  and  pyroclastic  beds,  and  the 
character  and  extent  of  the  materials  other  than  basalt  intercalated 
with  the  upper  layers  of  the  series,  have  been  described  in  a  previous 
section.  The  facts  pertinent  to  the  present  purpose  may  be  recapitu- 
lated briefly  as  follows :  The  lava  series  is  built  up  mainly  of  a  great 
number  of  massive  flows  with  rough  vesicular  surfaces.  The  massive 
lava  is  universally  cut  up  by  joints  developed  in  the  process  of  cool- 
ing into  columns,  plates,  and  irregular  blocks.  Intercalated  with  the 
massive  flows  are  beds  of  porous  tuff  and  breccia,  which,  however, 
occur  in  small  volume  as  compared  with  the  true  lavas.  A  few  beds 
of  acid  tuff  and  of  sandstone  are  interbeclded  with  the  upper  layers 
of  the  series,  but  are  very  rare  in  the  lower  portion  of  the  section. 

To  the  hasty  observer  the  vesicular  or  "  honeycombed  "  upper  por- 
tions of  the  basalt  flows  might  seem  well  adapted  for  the  storage  of 
Avater,  but  a  little  thought  will  show  that  such  an  idea  is  largely  fal- 
lacious. The  vesicles  of  the  amygdaloids  are  not  connected,  but  are 
inclosed  chambers  incapable  of  receiving  water  except  by  slow  infil- 
tration and  quite  incapable  of  allowing  its  free  passage.  To  quote 
the  language  of  Chamberlin,  the  porosity  of  a  water-bearing  stratum 
should  be  of  an  "  interstitial  and  not  a  vesicular  kind/1 

But  if  the  vesicular  portions  of  the  flows  are  not  available  for  water 
storage  there  seems  reason  to  believe  that  there  arc  spaces  between  the 
lava  flows,  thin  and  irregular  but  extensive,  that  might  serve  as  reser- 
voirs. The  surface  of  a  freshly  cooled  lava  flow,  though  level  and 
monotonous  in  its  broad  aspects,  is  rough  in  detail.  A  second  flood 
rolling  upon  a  surface  thoroughly  cooled  will  probably  not  generally 
completely  fill  the  inequalities  of  the  preexisting  surface.  The  crust 
forming  upon  the  top  and  front  of  the  liquid  flow,  broken  and  rolled 
under  by  its  advancing  motion,  will  often  form  a  rough  layer  that 
does  not  fit  closely  into  the  minor  unevenncss  of  the  cooled  lava  be- 
neath. It  is  believed  that  waterways  are  often  constituted  by  the 
spaces  thus  left  by  the  failure  of  a  more  or  less  viscous  flow  to  fill 
completely  the  roughnesses  of  the  surface  upon  which  it  was  poured. 
Though  small  in  the  beginning,  these  subterranean  spaces  may  sub- 
sequently become  enlarged  by  the  solvent  action  of  deep  waters. 

The  ability  of  the  porous  tuff  beds  and  breccias  to  absorb  and  con- 
tain water  is  evident  to  anyone  familiar  with  their  character,  and  it 
is  believed  that  they  probably  contain  the  most  generous  supplies  of 
water  to  be  found  in  the  basalt  series  in  the  region  here  considered. 

Some  of  the  beds  of  siliceous  tuff  and  sandstone  already  described 
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are  probably  well  fitted  for  water  storage,  but  they  are  apparently  of 
only  local  importance.  They  may  be  found  a  source  of  water  in  the 
low-lying  southwestern  portion  of  the  region,  but  the  records  of  wells 
and  observations  of  natural  sections  go  to  show  that  sandy  beds  are 
so  rare  in  the  eastern  and  northeastern  portion  as  to  be  practically 
negligible. 

We  have  next  to  consider  whether  the  massive  basalt  is  capable  of 
confining  under  pressure  the  water  stored  in  the  porous  beds. 

The  massive  compact  basalt  is  in  itself  a  practically  impermeable 
rock.  The  universal  presence,  however,  of  crevices,  due  to  contrac- 
tion partings,  has  led  some  observers  to  believe  that  the  basalt  is  in 
general  incapable  of  confining  water  under  pressure.  With  this  view 
the  writer  has  been  led  to  disagree,  mainly  by  certain  facts  learned 
from  well  records. 

Water  in  the  deep  wells  of  the  plains  is  never  found  in  any  useful 
quantity  in  the  massive  basalt  itself,  but  always  in  softer  material 
between  the  compact  layers.  It  is  known  to  exist  under  pressure  suf- 
ficient to  raise  it  250  feet  in  certain  localities  where  there  is  no  evi- 
dence of  any  strata  of  clay  or  silt  which  could  have  been  efficient  in 
preventing  its  escape  from  the  pervious  bed.  It  is  concluded,  there- 
fore, that  the  basalt  does  to  a  notable  extent  have  the  ability  to  con- 
fine water  under  pressure.  The  crevices  in  the  massive  rock,  espe- 
cially in  the  case  of  flows  where  the  columns  are  small  and  irregular, 
are  believed  to  be  not  only  minute  but  generally  not  continuous 
throughout  the  flow,  and  to  allow  the  passage  of  water  in  but  com- 
paratively small  amount.  At  the  same  time  it  is  admitted  that- 
jointed  basalt  is  probably  less  efficient  material  for  a  confining 
stratum  than  clay  or  fine  shale. 

To  sum  up,  then,  it  appears  that  the  basalt  series  presents  an 
alternation  of  strata  of  differing  permeability  favorable  to  the  stor- 
age of  artesian  water,  though  the  stratigraphic  conditions  are  prob- 
ably not  so  favorable  as  they  are  in  a  series  of  open  sandstones 
alternating  with  beds  of  fine  shale  or  clay.  The  water-bearing  layers 
in  the  basalt  series  consist  of  acid  tuffs  and  sandstones,  thin  irregular 
spaces  between  the  flows,  and  basaltic  tuffs  and  breccias.  The  mas- 
sive basalt,  although  universally  creviced,  is  considered  to  be  of  low 
permeability  in  comparison  with  these  porous  layers. 

CONNELL-RITZVILLE    DISTRICT. 

By  this  name  we  may  designate  that  portion  of  the  wheat  lands 
which  lies  south  of  upper  Crab  Creek.  This  area,  though  very  exten- 
sive, is  characterized  by  a  similarity  of  conditions  that  justifies  its 
treatment  as  a  unit  in  the  discussion  of  deep  wells. 

/Structure. — The  structure  of  the  basalt  underlying  this  district  is 
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not  easily  made  out  except  through  a  broad  study  of  the  region, 
because  the  inclination  of  the  lava  flows,  as  observed  in  the  walls  of 
the  coulees,  is  almost  imperceptible  in  amount,  and  its  direction  and 
degree  can  not  generally  be  determined  except  by  careful  instrumental 
observations,  which  the  writer  was  not  able  to  make.  The  interpreta- 
tion of  the  structure  is  based  largely  on  topographic  grounds.  The 
general  surface  of  the  land  east  of  the  Northern  Pacific,  lying  at  an 
elevation  of  nearly  2,000  feet  above  sea  level,  probably  coincides 
nearly  with  the  original  surface  of  the  basalt,  or  is  below  that  sur- 
face, which  may  have  been  largely  reduced  by  erosion.  The  desert 
area  to  the  west  and  southwest,  lying  at  a  considerably  lower  level,  is 
underlain  in  part  by  Ellensburg  beds,  which  cover  the  basalt  to  a 
depth  of  several  hundred  feet.  The  surface  of  the  basalt  is,  therefore, 
farther  below  the  surface  of  the  ground  in  this  region  than  in  the 
more  elevated  lands  to  the  northeast.  It  may  therefore  be  inferred 
that  the  basalt  underlying  the  Connell-Ritzville  district  has  in  gen- 
eral a  very  gentle  inclination  to  the  southwest. 

Topography. — The  upper  portion  of  the  basalt  series  in  this  dis- 
trict is  trenched  by  a  large  number  of  coulees,  having  a  maximum 
depth  below  the  surface  of  about  400  feet,  though  when  the  thickness 
of  the  gravel  deposits  in  their  bottoms  is  considered  it  appears  thai 
the  trenches  in  the  bed  rock  have  depths  as  great  as  GOO  feet.  The 
average  depth  of  the  coulees  is  greatest  in  the  southwestern  portion 
of  the  district,  which  is  nearest  the  master  streams  of  the  Columbia 
Plains,  the  Snake  and  the  Columbia.  Far  to  the  west  the  basalt  is 
deeply  cut  into  by  Columbia  River,  which  exposes  strata  many  hun- 
dred feet  below  the  to])  of  the  series. 

The  general  intrenchment  in  the  wheat  lands  has  an  important 
relation  to  the  deep  wells.  It  is  evident  that  any  porous  strata  exist- 
ing in  the  basalt  series  at  horizons  above  the  general  level  of  the  neigh- 
boring canyon  bottoms  would  be  extensively  exposed  to  leakage  along 
the  canyon  walls,  and  that  while  it  might  at  some  localities  carry  con- 
siderable water,  it  could  not  be  expected  to  contain  it  under  artesian 
pressure. 

Supply. — The  writer  is  unable  to  present  any  information  based 
on  detailed  observation  in  regard  to  a  region  of  supply  for  the  deep- 
lying  porous  strata  under  the  eastern  wheat  lands.  Study  of  maps 
and  level  lines  shows  that  along  the  eastern  boundary  of  Washington 
and  in  northern  Idaho  there  is  an  elevated  region  which  receives  a 
more  abundant  rainfall  than  the  district  considered.  Part  of  this 
region  was  seen  by  the  writer  in  traveling  by  rail  between  Eitzville 
and  Spokane.  It  is  a  surface  of  erosion  with  man}^  inequalities  that 
would  probably  increase  its  efficiency  as  a  gathering  ground.  Some 
of  the  lower  beds  in  the  basalt  series  may  be  exposed  there,  and  may 
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absorb  a  portion  of  the  rainfall.  A  supply  may  also  be  furnished 
from  the  edge  of  the  basalt  formation  at  the  base  of  the  mountains 
in  Idaho,  though  that  region  is  so  far  distant  that  it  seems  doubtful 
whether  it  may  be  assumed  that  any  porous  beds  extend  continuously 
thence  to  the  Ritzville  region. 

Well  records. — The  reader  may  gather  from  the  facts  above  stated 
that  the  natural  conditions,  considered  apart  from  experimental  evi- 
dence, in  the  Connell-Ritzville  district  do  not  seem  greatly  to  encour- 
age the  hope  of  obtaining  artesian  water.  There  are  several  factors 
of  uncertainty  in  the  theoretical  problem,  however,  that  make  it  desir- 
able to  scrutinize  all  the  evidence  obtainable  from  wells  that  have 
already  been  sunk.  The  appended  list  gives  the  data  collected  by  the 
writer  in  regard  to  these.  The  list  does  not  include  by  any  means  all 
the  wTells  in  the  district,  but  it  is  believed  that  the  expenditure  of  time 
necessar}^  to  make  an  exhaustive  list  would  not  have  been  justified, 
and  that  the  data  obtained  will  serve  the  main  purposes  of  the  exam- 
ination. 

A  few  words  applying  to  all  the  data  for  the  Columbia  Plains  may 
also  be  prefaced  in  regard  to  the  fullness  and  reliability  of  the  well 
records  obtained.  Owing  to  the  fact  that  the  rock  penetrated  is 
mostly  basalt,  not  intercalated  with  any  considerable  amounts  of 
tuffs,  sandstones,  or  shales,  it  has  not  become  customary  to  keep  any 
regular  records  of  the  material  through  which  the  drill  passes. 
There  has  been  simply  a  differentiation  between  "  rock  "  and  "  dirt," 
for  the  purpose  of  reckoning  charges.  Any  more  detailed  informa- 
tion that  has  been  gathered,  therefore,  has  been  supplied  from  the 
memory  of  drillers  or  of  others  interested  in  the  wells.  In  regard 
to  depth,  the  figures  have  in  some  cases  been  taken  from  written 
records,  but  in  others  from  the  memory  of  owners  and  drillers.  It  is 
believed,  however,  since  most  of  the  wells  are  of  comparatively  recent 
construction,  that' the  figures  given  are  substantially  accurate. 

Tartial  list  of  wells  in  Connell-Ritzville  distinct,  Washington. 


Owner. 

"Location. 

Depth. 

Depth 
to  sur- 
face of 
water. 

Depth 

of  soil, 

etc. 

Remarks. 

1.  Northern  Pacific 

Eltopia 

151 

354 
311 
323 
674 

78 

115 

284 
297 
283 
629 

«84 
14 

R.  R. 
2.          Do 

Lake 

3.  J.  W.  Gover 

4.  Jas.  Elgin 

5.  Bray  den  Bros 

6.  M.  C.  Moore 

Sec.  24,  T.  13,  R.  30. 
Sec.  33,  T.  13,  R.  32. 
Sec.  32,  T.  13,  R.  32. 
Sec.  21.  T.  13,  R.  32. 

Water  at  310  feet. 

Supply  not  abun- 
dant. 

<« 80  dirt;  4  gravel. 
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Partial  list  of  wells  in  Connell- Ritzville  district,  Washington— Continued, 


Owner. 


7.  H.  C.  Baker 

8.  Northern  Pacific 

R.  R. 

9.  H.W.  Brummond 

10.  Eugene  Adams  _ . 

11.  Wm.  Mittelstadt. 

12.  Wm.  Dickinson.  _ 

13.  Wm.  Brown 

14.  Town  .  _ 

15.  Andrew  Newland 

16.  Cunningham 


Location. 


Depth 


17. 

18. 
19. 

20. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

33. 
34. 


C.  S.  Hedrick 
Merrill 


McMannaman 
and  Van  Marten 

Northern  Pacific 
R.  R. 

Town 

Adam  Buehler . 
Louis  Pflugard 
Fred  Scheel  . 
Chas.  Lakes 


Dan  Scott 

Henry  Myers  _ . 

A.  Johanson 

City  of  Ritzville 
J.  W.  Johnson. . 
Scott 


Odessa  Mill 


Sec.  29,  T.  13,  R.  33. 
Connell 


Sec.  8,  T.  14,  R.  32. . 
Sec.  6,T.  14,  R.  32.. 
Sec.  35,  T.  15.  R.  31. 
Sec.  25,  T.  15,  R.  31. 
Sec.  13,  T.  15,  R.  81. 

Hatton 

Sec.  35,  T.  16,  R.  31. 
Sec.  10,  T.  16,  R.  32. 

Sec.  34,  T.  16,  R.  32. 

Below  Lind 

East  of  Lind 


Lind 


do 


Sec.  15,  T.  18,  R.  33. 
Sec.  14,  T.  18,  R.  33 
Sec.  8,  T.  18,  R.  36. 
Sec.  32,  T.  19,  R.  33. 
Sec.  30,  T.  19,  R.  33. 
Sec.  35,  T.  19,  R.  34. 
Sec.  32,  T.  19,  R.  34. 
Sec.  32,  T.  19.  R.  34 
Sec  23,  T.  19,  R.  35. 
Ritzville 


575 

228 

410 
510 
318 
360 
425 
300 
430 
255 

300 


6  miles  west  of  Ritz- 
ville. 

Sec.  5,T.  21,  R.  33 

Sec.  26,  T.  21,  R.  30. 


130 

225 

286 
363 
318 
297 
300 
110 
358 
350 
250 
360 
180 
358 

137 
211 


Depth 
to  sur- 
face of 
water. 


551 


395 


293 
330 
325 

7 
380 
150 

250 
320 

100 

32 

30 
328 
298 
172 
250 

20 
258 
'250 
235 
200 


270 

40 
206 


Depth 

of  soil, 

etc. 


23 
r  "6 
1&180 

42 


to 


25 

10 
11 
35 
25 
40 
20 
50 
70 
70 
50 
16 


23 
31 


Remarks. 


Water  rises. 


In  bottom  of  cou- 
lee. 


Water  rose  to  top 
of  basalt. 


In  coulee. 


Elevation.  1890. 


Water  in  red 
"honeycomb 
rock;"  lateral 
flow  washed 
away  drillings. 


«  Soil. 


b  Gravel. 


A  few  general  statements  may  be  deduced  from  the  list  concerning 
these  wells. 
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In  comparing  depths,  allowance  must  be  made  for  the  fact  that 
some  wells  are  sunk  from  the  high  plateau  surface  of  the  wheat  lands, 
while  others  are  situated  in  the  coulees,  from  50  to  400  feet  below  the 
general  upland  levels.  Comparing  the  average  depths  of  wells  in  the 
uplands,  we  obtain  the  following  results:  For  the  thirteenth  and 
fourteenth  rows  of  townships,  406  feet;  for  the  fifteenth  and  six- 
teenth, 3G7  feet;  for  the  eighteenth  and  nineteenth,  327  feet.  There 
is  thus,  in  general,  a  slight  increase  in  average  depth  from  north  to 
south.  The  explanation  of  this  fact  is  probably  to  be  found  in  the 
greater  depth  of  the  coulees  in  the  southern  portion  of  the  district, 
which  is  near  the  master  stream  of  the  region,  where  the  ancient 
streams  were  most  deeply  intrenched. 

The  figures  in  regard  to  depth  of  soil  have  interest,  though  without 
direct  bearing  on  water-supply  problems.  The  soil  is  seen  to  be  in 
general  very  deep,  apparently  attaining  its  greatest  depth  on  the 
brows  of  slopes,  where  the  conditions  are  most  favorable  for  wind 
accumulation.  Some  indication  of  the  amount  of  hardpan  was 
gathered  from  descriptions  of  wells.  This  material  seems  to  be 
thickest  in  the  neighborhood  of  Ritzville.  The  depth  of  gravel  in 
certain  of  the  coulee  bottoms  is  also  given  by  the  well  records. 

In  regard  to  the  character  of  the  rock  in  which  water  is  found, 
the  information  is,  of  course,  not  very  definite,  since  it  is  based  upon 
the  relative  ease  with  which  the  material  is  penetrated  by  the  drill 
and  by  the  appearance  of  small  fragments  brought  up  by  the  sand 
pump.  No  case  is  recorded,  however,  where  the  water-bearing 
stratum  is  sandstone,  a  material  that  could  hardly  fail  to  be  recog- 
nized. The  water-bearing  material  is  always  softer  than  the  massive 
rock,  and  is  usually  described  as  "  honeycomb,"  less  seldom  as  "  brown 
^gravel,"  or  "  bowlder  formation,"  etc.,  but  no  true  waterworn 
gravels  were  seen  in  any  of  the  natural  exposures  of  the  basaltic  series. 
The  testimony  all  seems  to  indicate  that  the  deep  water  is  generally 
found  in  porous  or  fragmental  basalt. 

The  third  column,  headed  "  depth  to  water  surface,"  contains  data 
that  are  of  the  highest  interest,  because  they  give  the  most  positive 
evidence  obtainable  in  regard  to  artesian  conditions.  Drilling  is 
usually  stopped  almost  immediately  upon  obtaining  a  good  supply 
of  water,  and  any  considerable  difference  between  the  corresponding 
figures  in  the  third  and  fourth  columns  usually  indicates  that  the 
water  has  risen  from  the  water-bearing  stratum.  Such  a  rise  indi- 
cates that  the  underground  water  is  under  pressure  and,  therefore, 
in  the  general  sense  of  the  word,  artesian. 

This  artesian  rise  of  water  varies  in  different  portions  of  the  region. 
To  the  south  it  attains  70  feet  in  the  railroad  well  at  Lake.     But 
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nowhere  in  the  southern  portion  of  the  district  is  the  rise  consid- 
erable enough  to  give  much  hope  of  obtaining  artesian  flows. 

The  most  encouraging  information  was  obtained  in  the  vicinity  of 
Lind,  where  the  town  well  has  water  standing  within  30  feet  of  the 
surface,  having  risen  some  250  feet  by  artesian  pressure.  Another 
well  was  recently  bored  there  for  the  Northern  Pacific  Railway  Com- 
pany to  a  depth  of  225  feet.  The  water  was  in  a  porous  rock  which 
extended  from  within  60  feet  of  the  surface  to  the  bottom,  where  the 
principal  flow  was  obtained.  The  water  rose  200  feet,  to  the  top  of 
bed  rock.  Another  well  in  Lind  Coulee,  a  short  distance  below  the 
town,  tapped  water  which  quickly  rose  to  within  3  feet  of  the  surface, 
but  sank  afterwards  some  20  feet.  The  latter  fact  is  accounted  for 
on  the  supposition  that  the  loose  surface  material  was  packed  and 
rendered  partly  impervious  by  the  friction  of  the  drill  rope,  but 
became  porous  again  after  the  water  had  washed  the  fine  material 
from  the  sides  of  the  bore.  A  consideration  of  this  case  should 
enforce  the  important  lesson  that  the  failure  of  the  water  to  reach 
the  surface  may  often  be  due,  not  to  lack  of  sufficient  pressure,  but 
to  leakage  through  porous  material  forming  the  sides  of  the  upper 
portion  of  the  well.  There  seems  to  be  very  good  reason  for  the 
hope  that  artesian  water,  at  least  in  small  quantity,  might  be  obtained 
at  Lind  by  properly  casing  the  wells. 

Northward,  in  the  neighborhood  of  Ritzville,  a  rise  generally 
occurs.  The  water  seems  to  lie  at  an  average  depth  of  about  300 
feet  below  the  upland  surface,  from  which  depth  it  is  forced  up  by 
artesian  pressure  from  50  to  100  feet,  resting  from  250  to  200  feet 
below  the  general  plateau  level.  In  the  town  well  at  Ritzville  the 
water  surface  lies  less  than  100  feet  below  the  nearest  point  in  the 
coulee  bottom.  In  the  mill  well  at  Odessa  the  water  has  risen  within 
40  feet  of  the  surface,  or  within  17  feet  of  the  top  of  the  basalt.  In 
a  well  110  feet  deep  in  sec.  30,  T.  19,  R.  33,  the  water  comes  within  20 
feet  of  the  mouth,  and  probably  escapes  by  leakage.  Attention  is 
called  to  the  importance  of  the  fact  that  a  rise  of  water  in  the  wells 
is  very  general  throughout  the  region.  This  matter  will  receive  fur- 
ther discussion  in  the  sequel. 

Another  phenomenon  indicating  the  distant  source  of  the  water  is 
a  lateral  flow  noted  in  one  or  two  cases  and  shown  by  the  washing 
away  of  the  drillings. 

In  regard  to  the  quality  and  quantity  of  the  water  a  few  general 
statements  may  be  made.  Nearly  all  of  the  deep  wells,  so  far  as 
known,  yield  a  supply  sufficient  to  meet  all  demands  for  present  uses, 
and  one  that  remains  constant  throughout  the  year.  The  largest 
supply  known  to  have  been  furnished  was  given  by  the  Ritzville 
city  well,  which  was  guaranteed  by  the  contractors  to  furnish  5,000 
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gallons  an'  hour  and  which  has,  in  fact,  furnished  a  stream  of  that 
volume  for  twenty-four  hours  without  perceptible  lowering.  The 
quality  of  the  deep  waters  is  generally  excellent  and  far  superior  to 
that  of  surface  wells  or  springs,  the  underground  water  being  soft 
and  of  good  flavor.  Regarding  temperature,  the  data  gathered  were 
too  meager  to  form  the  basis  of  discussion,  but  there  is  as  usual  a 
general  increase  of  temperature  with  depth. 

HARTLINE    DISTRICT. 

The  Hartline  district  is  defined  as  comprising  the  western  part  of 
the  valley  traversed  by  the  branch  line  to  Coulee  City,  in  which  lie 
the  villages  of  Parnell,  Wilbur,  and  Hartline. 

Structure. — The  layers  of  basalt  beneath  Hartline  Valley  have 
been  gently  flexed  into  a  synclinal  or  trough-like  form,  limited  on  the 
south  by  a  low,  gently  arching  swell  and  on  the  north  by  a  plateau. 
The  western  end  of  the  valley  meets  the  Grand  Coulee  almost  at  its 
own  level  and  is  faced  by  the  moderate  slope  up  which  the  road  to 
the  plateau  beyond  is  laid.  This  slope  is  in  a  measure  conformable 
with  the  structure  of  the  basalt  underlying  it,  the  layers  of  basalt 
being  turned  up  in  such  a  way  as  to  close  up  the  western  end  of  the 
syncline.  The  eastern  end  of  the  Hartline  trough  was  not  visited, 
but  observations  from  a  moving  train  give  reason  to  believe  that  its 
bottom  rises  in  that  direction  and  that  the  syncline  dies  out  upon  the 
high  -plateau  land.  The  Hartline  district  therefore  seems  to  lie  in 
a  spoon-like  structural  depression,  a  fact  which  in  itself  favors  the 
hope  of  obtaining  artesian  water. 

Topography. — The  greatest  imperfection  in  the  Hartline  basin  is 
its  deep  dissection  by  the  Grand  Coulee.  The  northern  portion  of 
the  coulee  lies  nearly  400  feet,  and  the  southern  portion  below  the 
old  cataract  nearly  800  feet,  lower  than  the  floor  of  the  valley  at 
Hartline.  The  close  proximity  of  a  chasm  so  deep  must  have  a  very 
considerable  effect  in  reducing  pressure  in  the  basin  by  affording 
opportunities  for  leakage  from  the  water-bearing  strata. 

Supply. — In  regard  to  the  source  of  the  underground  water  of  the 
district,  the  remarks  on  that  matter  in  the  description  of  the  southern 
wheat  lands  apply  equally  in  this  place.  The  principal  area  of 
absorption  probably  lies  on  the  high  land  to  the  east,  but  the  writer 
can  supply  no  data  based  on  actual  observation. 

Well  records. — Theoretical  consideration  of  the  conditions  in 
Hartline  Valley  do  not,  on  the  whole,  indicate  very  decisively  the 
existence  of  a  true  artesian  basin,  and  the  evidence  of  the  wells,  as  in 
the  case  of  the  southern  wheat  lands,  will  be  useful  in  aiding  a  judg- 
ment on  the  possibility  of  obtaining  surface  flows.  Most  of  the 
data  exhibited  in  the  following  table  have  been  supplied  by  Mr.  J.  A. 
Wilburn,  of  Hartline,  one  of  the  principal  drillers  of  the  district. 
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Partial  list  of  wells  in  the  Hartline  district,  Washington. 


Owner. 

Locality. 

Depth. 

Depth 
to 

water 
sur- 
face. 

Thick- 
ness of 
soil. 

Remarks. 

Feet. 

Feet. 

Feet. 

Sec.  14.  T.  24,  R.  29_- 

400 

No  water. 

34.  H.  Childs 

Sec.  19,  T.  24,  R.  30  .. 

203 

173 

16 

35.  Tom  Elder  

Sec.  18,  T.  24,  R.  30- _ 

147 

115 

28 

36.  Do  .  _ 

37.  Rodgers _..._. 

Sec.  12,  T.  24,  R.  30    - 

168 

Sec.7,T.24,R.30-_- 

168 

138 

22 

Water  in  a  crev- 

38.  J.  Harris 

Sec.4,T.24,R.30.._ 

210 

196 

22 

39.  Sinclair  Bros 

Sec.  29,  T.  25.  R.  30  .. 

137 

83 

20 

40.           Do 

Sec.  33,  T.  25,  R.  30- - 

293 

193 

13 

41.  Jim  Hill     . 

Sec.6,T.25,R.30-_. 

242 

42 

32 

42.  A.  J.  Burke 

Sec.25,T.25,R.29-- 

116 

65 

45 

43.  John  McDonald-- 

Sec.24,T.25,R.29._ 

184 

40 

28 

Do. 

44    Buckhannon 

Sec.  11,  T.  25,  R.  29. - 

173 

40 

16 

The  water  is  said  by  Mr.  Wilburn  to  occur  generally  in  "  brown 
gravel,"  though  it  is  more  probable  that  the  material  thus  designated 
is  fragmental  or  scoria ceous  basalt  rather  than  true  alluvial  gravel. 
In  two  cases,  howTever,  the  water  was  found  in  a  crevice,  which  may 
have  been  either  a  joint  opening  or  a  space  between  two  flows,  formed 
in  the  manner  described  on  page  68. 

The  figures  in  the  third  column  are  of  especial  interest.  In  the 
last  4  wells  of  the  list  the  water  has  risen  to  within  short  distances  of 
the  surface,  varying  from  40  to  65  feet.  In  the  Hill  well  it  is 
within  10  feet  of  the  top  of  the  basalt.  In  the  other  wells  on  higher 
ground  the  water  has  generally  risen,  but  the  pressure  has  not  been 
sufficient  to  lift  the  water  as  near  the  top  as  in  the  other  cases.  The 
general  rise  of  water  indicates  considerable  underground  pressure, 
and  gives  reason  to  hope  that  artesian  flows  might  be  obtained  from 
the  lower  wells  if  they  were  properly  cased. 

QUINCY    DISTRICT. 

This  district  comprises  the  northwest  quarter  of  what  has  been 
termed  the  desert,  upon  the  northern  border  of  which  lies  the  small 
hamlet  of  Quincy,  where  4  drilled  wells  have  been  sunk. 

Structure. — Quincy  lies  in  a  structural  depression,  though  the  fact 
is  not  evident  at  once,  since  the  basin  is  a  broad  one  and  has  been 
greatly  marred  by  erosion.  Just  north  of  the  village  a  structural 
slope  rises  to  the  ridge  overlooking  Willow  Springs,  and  18  miles  to 
the  south  a  low  arch  forms  the  opposite  side  of  the  east- west  trough. 
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Far  to  the  east  the  basalt  rises  to  the  wheat-lands  plateau,  and  to  the 
west  the  lava  flows  are  turned  up,  forming  the  long  gentle  slope  of 
Table  Mountain. 

Topography. — If,  however,  only  the  upper  portion  of  the  basalt 
series  is  considered,  it  appears  that  the  Quincy  basin  is  merely  a 
trough,  open  at  both  ends.  The  Grand  Coulee  and  its  southern  con- 
tinuation have  cut  down  at  least  150  feet,  and  the  Columbia  800  feet, 
below  the  top  of  the  basalt  series.  The  proximity  of  the  river  gorge 
is,  of  course,  disadvantageous. 

Supply. — Only  a  small  amount  of  water  can  be  supplied  to  the 
upper  strata  of  the  basalt  series  from  the  ridges  north  and  south  of 
the  Quincy  basin,  on  which  the  rainfall  is  extremely  light.  There 
may  be  a  slight  contribution  from  middle  Crab  Creek,  though  there 
is  no  positive  evidence  of  the  fact.  The  deeper-lying  porous  beds 
may  draw  a  supply  from  the  far-distant  elevated  land  east  of  the 
Eitzville  region,  but  it  is  doubtful  whether  there  are  any  such  beds 
continuous  for  so  great  distances. 

Well  records. — On  the  whole,  the  uncertainty  of  supply,  combined 
with  the  deep  dissection  of  the  basin,  discourages  the  hope  of  obtain- 
ing surface  flows,  at  least  any  of  moderate  depth,  in  the  Quincy 
district.  The  well  records,  of  which  a  list  follows,  confirm  these 
inferences: 

List  of  wells  in  the  Quincy  district,  Washington. 


Owner. 

Location. 

Total 
depth. 

Depth  to 
water. 

Depth  of 

soil,  etc. 

Sec.  12,  T.  20,  R.  24  _ 

Feet. 

194 
194 
260 
330 

Feet. 
190 
190 
190 
190 

Feet. 
40 

Do 

40 

Marble   .  - 

Do 

Sec.  6,  T.  20,  R.  24 

40 
22 

The  water  is  found  in  soft  material  that  seems  to  be  basaltic  tuff. 
Two  soft  layers  were  penetrated  in  the  Marble  well  and  one  in  the 
wells  in  the  town  itself. 


AREAS    WITHOUT    DEEP    WELLS. 


Desert  near  lower  Grab  Creek. — In  the  region  between  Saddle 
Mountain  and  the  next  ridge  north  the  conditions  are  very  similar 
to  those  that  obtain  in  the  Quincy  district.  Between  these  two  anti- 
clinal ridges  is  a  synclinal  trough,  rising  in  a  general  way  toward  the 
wheat  lands  at  the  east  and  closed  at  the  west  by  the  structural  slope 
of  Table  Mountain. 
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Topographically  this  area  is  generally  lower  than  the  Quincy  dis- 
trict. It  is  bordered  on  the  west  by  Columbia  Canyon,  which  here  is 
not  very  deep,  and  is  trenched  by  Crab  Creek  coulee  in  its  central 
and  southern  portions. 

The  conditions  of  supply  for  this  desert  section  seem  to  be  unfavor- 
able, for  it  is  bordered  on  all  sides  by  arid  country.  A  large  portion 
of  the  front  of  Saddle  Mountain  is  a  cliff,  along  which  no  water 
could  be  furnished  to  the  porous  beds  underlying  the  region  north 
of  it, 

The  conclusion  reached  by  consideration  of  natural  conditions  and 
by  comparison  with  other  districts  is  that,  while  water  could  probably 
be  obtained  from  deep  wells  sunk  down  as  far  as  the  level  of  Crab 
Creek,  there  would  be  no  reasonable  hope  of  obtaining  artesian  flows 
in  this  portion  of  the  desert. 

Bench  south  of  Saddle  Mountain. — This  broad  un watered  area  is 
underlain  by  Ellensburg  beds,  which  in  turn  lie  upon  basalt,  with 
interbedded  acidic  tuff  and  sandstone.  The  base  of  the  Ellensburg 
and  portions  of  the  upper  layers  in  the  basalt  series  are  exposed  along 
the  slope  of  Saddle  Mountain  and  far  to  the  east.  The  district  is  on 
the  marginal  portion  of  a  great  structural  basin,  in  Avhich  lie  Pasco 
and  the  Rattlesnake  Desert. 

The  strata  underlying  the  broad  expanse  of  this  bench  are  so  ex- 
tensively dissected  by  the  Columbia  that  there  seems  nothing  to  war- 
rant expectation  of  their  containing  water  under  sufficient  pressure 
to  rise  to  the  surface.  There  is  little  doubt,  however,  that  water 
could  be  obtained  in  this  district  from  wells  of  moderate  depth.  The 
abundant  flow  of  cool  water  from  Harrison  Springs  appears  to  indi- 
cate the  presence  of  a  saturated  bed  at  no  very  great  distance  below 
the  surface,  but  the  water  in  this  layer,  finding  such  free  outlet  at  the 
springs,  can  not  be  under  sufficient  pressure  to  raise  it  very  far  above 
their  level. 

The  terrace  land  near  the  head  of  White  Bluffs  and  across  the 
Columbia  is  lower,  and  therefore  more  favorably  situated.  It  has 
not  been  sufficiently  examined  by  the  writer,  however,  to  entitle  him 
to  a  very  definite  opinion  in  regard  to  the  prospects  of  artesian  water. 
The  arid  character  of  the  surrounding  country  and  its  dissection  by 
Columbia,  Yakima,  and  Snake  rivers  are  unfavorable  features. 

Two  experimental  borings  have  been  made  in  this  region.  One  is 
at  Pasco,  where  a  well  has  been  sunk  and  cased  to  a  depth  of  about 
400  feet  in  sandstone  without  obtaining  a  flow.  The  second  is  on  the 
right  bank  of  the  Columbia,  below  Craig's  ranch,  where  a  boring  400 
feet  deep  has  been  made  without  any  successful  result.  This  hole 
had  been  abandoned  at  last  accounts,'  owing  to  the  loss  of  the  drilling 
tools.     Neither  of  the  borings  described  reached  basalt,  and  neither 
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seems  to  furnish  conclusive  evidence  that  artesian  water  could  not 
be  obtained  in  the  low  arid  region  south  of  the  area  examined  in  this 
reconnaissance. 

KITTITAS    VALLEY. 


Stratigraphy. — Sections  of  the  Ellensburg  beds,  wherever  studied, 
have  shown  an  alternation  of  layers  varying  in  coarseness,  which  is 
favorable  to  the  conservation  of  artesian  water  under  pressure.  In 
the  White  Bluff  section  such  alternation  lias  been  noted.  In  Kittitas 
Valley  the  Ellensburg  beds  exposed  in  numerous  sections  are  found 
to  consist  of  gravels,  sandstones,  and  fine  silty  stuff  in  frequent 
alternation.  The  lowermost  part  of  the  section,  according  to  Mr. 
George  Otis  Smith,  contains  a  large  proportion  of  gravel,  and  is 
therefore  especially  adapted  to  store  a  large  quantity  of  water,  which 
would  be  confined  between  the  basalt  below  and  the  silty  materials 
above.  The  basal  portion  of  the  Ellensburg  in  Kittitas  Valley  there- 
fore seems  well  fitted  by  its  lithologic  character  to  serve  as  an  artesian 
reservoir. 

The  Ellensburg  beds  underlie  the  floor  of  Kittitas  Valley  to  a 
depth  of  several  hundred  feet,  possibly  a  thousand  feet  or  more.  In 
the  Moxee  basin  artesian  water  is  found,  at  depths  generally  ranging 
between  600  and  1,000  feet,  near  the  base  of  the  Ellensburg  forma- 
tion. It  is  probable  that  if  artesian  water  is  to  be  found  in  Kittitas 
Valley  it  will  probably  be  in  the  same  stratigraphic  position  and  at 
about  the  same  depths. 

Structure. — The  structure  of  Kittitas  Valley  may  best  be  compre- 
hended by  reference  to  the  map  and  structure  sections.  It  will  be 
seen  that  the  dips  on  all  sides  of  the  valley  converge  toward  its  center, 
and  that  the  basin  structure  is  complete  though  not  simple.  The 
form  of  the  basin  may  be  roughly  reproduced  by  taking  a  sheet  of 
paper  and  pinching  up  a  wrinkle  in  one  end,  when  a  scoop  that  will 
hold  water  will  be  formed.  The  wrinkle  is  represented  by  the  anti- 
clinal ridge  between  Clerf  Springs  and  the  main  southeastern  contin- 
uation of  Kittitas  Valley,  known  as  the  "  Badger  Pocket." 

Topography. — The  structural  conditions  here  seem  to  fulfill  the 
artesian  requirements  almost  ideally.  The  cross  section  of  the  valley 
shown  in  PI.  II  might  well  serve  as  a  diagram  of  a  typical  basin. 
Like  nearly  all  structural  basins,  however,  its  rim  is  cut  by  a  stream 
which  exposes  the  edges  of  the  water-bearing  series  from  top  to 
bottom,  and  we  have  to  consider  to  what  extent  the  pressure  is  thus 
diminished  by  leakage.  General  considerations  already  stated  in  the 
theoretical  discussion  of  artesian  conditions  lead  to  the  belief  that  the 
exposures  in  the  narrow  canyons  by  which  the  river  enters  and  leaves 
the  broad  valley  are  not  extensive  enough  to  cause  great  less  of  pres- 

IRR  118—05  m 6 


80  GEOLOGY,   ETC.,    OF    EAST-CENTRAL    WASHINGTON.       [no.  118. 

sure.     Another  consideration  urged  by  Mr.  Smith "  may  also  be  noted 
here. 

The  Moxee  artesian  basin  is  cut  by  Yakima  River  in  exactly  the 
same  manner  as  the  Kittitas  basin.  Mr.  Smith  considers  that  leakage 
at  the  low  outcrops  in  the  Yakima  gap  has  been  to  a  large  extent  pre- 
vented by  the  action  of  mountain-making  pressure,  which  has  pro- 
duced intense  folding  along  the  southern  side  of  the  Atanum -Moxee 
valley,  and  has  incidentally  compacted  and  indurated  the  beds  of 
sandstones.  Mr.  Smith  cites  evidence  of  similar  intense  dynamic 
action  at  the  head  of  Yakima  Canyon,  and  suggests  that  leakage  at 
this  point  may  be  largely  prevented  in  the  manner  indicated.  While 
the  present  writer  is  hardly  inclined  to  concede  to  this  agency  the 
degree  of  efficiency  that  Mr.  Smith  ascribes  to  it,  he  believes  that  it 
may,  by  increasing  the  resistance  to  leakage,  help  to  maintain  pres- 
sure in  the  water-bearing  strata. 

Supply. — The  supply  of  water  for  the  reservoir  strata  in  this  case 
must  be  imbibed  along  the  outcrop  of  the  base  of  the  Ellensburg  on 
the  surrounding  hills.  This  supply  will  not  consist  solely,  however, 
of  rain  water  falling  on  the  slopes  and  immediately  absorbed,  but  may 
be  largely  augmented  by  leakage  from  the  bottoms  of  streams  that 
flow  across  the  upturned  edges  of  the  sandstones. 

Probably  the  greater  portion  of  the  water  that  ftnds  its  way  into 
the  Ellensburg  sandstones  of  this  valley  comes  from  the  slopes  of 
Table  Mountain  to  the  north  and  northeast.  The  outcrop  alom 
this  slope  is  probably  washed  by  more  rain  than  falls  in  other  portions 
of  the  valley,  and  is  crossed  by  a  great  number  of  streams  which  can 
hardly  fail  to  make  some  contribution  to  the  underground  supply. 
On  the  whole  a  large  amount  of  water  must  enter  the  Ellensburg 
sandstones  along  its  very  extensive  high  outcrops,  and  should  be 
sufficient  to  supply  many  flowing  wells. 

Well  records. — As  may  be  gathered  from  the  preceding  para- 
graphs, the  conditions  of  structure,  stratigraphy,  topography,  and 
supply  all  seem  to  favor  the  hope  of  obtaining  artesian,  water  in  this 
valley.  But  to  many  practical  persons  it  may  seem  that  the  conclu- 
sions arrived  at  Ivy  theoretical  deduction  are  less  valid  than  evidence 
derived  by  actual  experiment.  Some  attempts  have  been  made  to 
obtain  artesian  water  in  this  district,  without  any  positive  success.  It 
will  be  well  to  review  the  results  of  well  digging  in  the  Ellensburg 
sandstones,  and  to  try  to  judge  the  value  of  the  evidence  derived  in 
this  manner. 

Information  was  obtained  from  Mr.  Joseph  Preece  of  several 
hand-dug  and  drilled  wells  in  the  southeastern  part  of  the  valley.  They 
penetrate  the  Ellensburg  sandstones  to  slight  depths  only,  and  prob- 

«  Smith,  G.  O.,  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.:  Water- 
Sup,  and  Irr.  Paper  No.  55,  U.  S.  Geol.  Survey,  1901,  p.  41. 
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ably  do  not  approach  the  base  of  the  series  by  hundreds  of  feet.  On 
the  Stoney  ranch,  6  miles  southeast  of  the  Preece  ranch,  there  is  a 
well  150  feet  deep  in  which  the  water  rose  25  feet  after  the  water- 
bearing layer  was  first  struck. 

In  an  old  well  45  feet  deep  on  the  Preece  ranch,  dug  by  the  owner, 
the  water  rapidly  rose  10  feet  from  the  bottom,  though  the  sides 
had  remained  perfectly  dry  until  the  water-bearing  stratum  was 
struck.  The  water  was  soft,  noticeably  warm,  and  maintained  a 
constant  temperature  throughout  the  year,  so  that  it  would  "  steam  " 
in  the  cold  air  of  winter.  The  warmth  of  the  water  at  so  moderate 
a  depth  indicates  its  derivation  from  a  distant  source,  and  its  sudden 
rise  from  the  water-bearing  layer  shows  it  to  be  under  pressure.  In 
short,  the  water  is  artesian  in  the  broad  sense  of  the  word.  No 
attempt  was  made  to  case  the  wells  or  to  determine  by  a  test  how  far 
the  water  would  rise  in  an  open  tube  connected  with  the  porous 
stratum  if  it  were  prevented  from  escaping  except  by  way  of  the 
tube. 

The  Sanders  well,  north  of  Ellensburg,  which  is  the  only  deep 
boring  ever  sunk  in  Kittitas  Valley,  is  said  to  have  reached  basalt 
after  passing  through  700  feet  of  sandstone  and  clay.  The  tools  were 
lost  at  that  depth  and  the  well  was  abandoned  with  the  water  stand- 
ing 40  feet  below  the  surface.  The  negative  result  of  this  experi- 
mental boring  has  been  pretty  generally  accepted  as  demonstrating 
the  futility  of  any  further  attempts  to  obtain  artesian  water  in 
Kittitas  Valleys 

Before  Ave  accept  this  discouraging  view,  however,  we  should  ascer- 
tain whether  the  record  is  trustworthy  and  whether  the  well  was 
properly  cased.  On  neither  point  has  the  writer  been  able  to  obtain 
satisfactory  information.  There  is  reason  to  believe,,  however,  that 
the  driller  was  both  inexperienced  and  incompetent,  and  altogether 
unfit  to  be  intrusted  with  the  important  task  of  boring  an  experi- 
mental well.  The  evidence  afforded  by  the  Sanders  well,  therefore, 
should  by  no  means  be  accepted  as  conclusive. 

But  we  are  not  without  positive  evidence  in  a  strong  degree  contra- 
dictory to  that  just  considered  in  the  phenomena  at  the  Clerf  Spring. 
Clerf  Spring  is,  in  effect,  a  natural  flowing  artesian  well.  A  well 
was  bored  near  the  spring  in  1900  in  the  hope  of  augmenting  the  sup- 
ply obtained  from  the  spring,  with  the  result  that  water  was  obtained 
at  a  depth  of  40  feet  below  the  surface  of  the  basalt,  which  rose  to  the 
surface  in  an  open  pipe.  The  drilling  at  this  point  was  made  with 
poor  machinery  and  by  an  incompetent  driller.  The  hole  has  been 
abandoned  and  allowed  to  cave  in  about  the  top,  though  it  is  probable 

a  Russell,  I.  C,  Geological  reconnaissance  in  central  Washington  :  Bull.  U.  S.  Geol.  Sur- 
vey No.  108,  1893,  p.  69. 
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that  a  more  generous  supply  could  be  obtained  by  going  deeper.  The 
well  as  it  stands  gives  no  new  evidence,  however,  beyond  that  afforded 
by  the  spring,  which  demonstrates  the  existence  beneath  this  locality 
of  underground  water  under  pressure  sufficient  to  force  it  up  to  a 
level  considerably  higher  than  that  of  the  floor  of  the  valley. 

After  a  consideration  from  a  theoretical  standpoint  of  the  natural 
conditions  obtaining  in  the  district  and  an  examination  of  the  evi- 
dence afforded  by  existing  wells,  the  writer  is  confident  that  artesian 
flows  would  be  obtained  at  most  points  in  the  valley  floor  lying  below 
the  level  of  Clerf  Spring  by  properly  constructed  wells  reaching  to 
the  base  of  the  Ellensburg  series.  Anyone  intending  to  prospect  for 
an  artesian  supply  should,  however,  intrust  the  task  of  boring  to  a 
driller  of  known  skill,  experience,  and  integrity. 

If  the  possibility  of  tapping  an  artesian  reservoir  be  admitted,  how- 
ever, it  still  remains  open  to  question  whether  the  expense  of  deep 
borings  would  be  justified,  in  view  of  the  prospective  construction  of 
high  ditches  from  the  upper  Yakima  Eiver.  When  the  proposed 
ditches  shall  have  been  built  they  may  efficiently  supply  all  the  area 
above  and  beyond  the  present  irrigation  ditches  that  could  be  bene- 
fited by  an  artesian  supply.  It  may,  however,  be  considered  desirable 
to  have  a  town  water  supply  from  a  deep  source  free  from  the  danger 
of  polution,  which  is  never  entirely  absent  from  surface  streams. 

SUGGESTIONS    IN    REGARD    TO    DEEP    WELLS. 

A  few  suggestions  may  appropriately  be  given  here  to  guide  drill- 
ers and  others  interested  in  deep  wells,  and  especially  to  direct  intelli- 
gent prospecting  for  artesian  water. 

TESTING   ARTESIAN    PRESSURE. 

It  is  remarkable,  in  view  of  the  encouraging  indications  of  under- 
ground pressure  afforded  by  certain  wells  in  the  vicinity  of  Hartline 
and  of  Lind,  that  no  tests  whatever  have  been  made  in  the  wheat 
lands  to  determine  definitely  whether  artesian  flows  might  be  obtained 
from  properly  cased  wells.  A  few  such  tests,  intelligently  made, 
might  show,  at  no  great  expense,  the  existence  of  an  important  natural 
resource  in  the  region.  The  development  of  flowing  artesian  water 
would  not  only  benefit  the  landowners,  but  the  drillers  as  well,  for  it 
would  enhance  the  demand  of  their  services.  It  would  therefore 
be  to  the  interest  of  drillers  to  provide  themselves  with  the  simple 
apparatus  necessary  and  to  test  the  underground  pressure  wherever 
there  appears  reasonable  hope  of  obtaining  a  surface  flow. 
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A  general  description  of  the  kinds  of  apparatus  used  and  of  the 
methods  and  principles  involved  in  such  tests  is  given  in  the  follow- 
ing extract  from  Chamberlin's  admirable  essav  on  artesian  wells: " 

Control  of  flow. — It  is  clear,  upon  consideration,  that  perfect  control  may  be 
obtained  by  putting  clown  a  tube  to  the  densest  portion  of  the  upper  confining 
bed,  if,  by  some  device,  the  space  surrounding  it  may  be  closed 
up  so  that  no  water  can  rise  outside  of  the  tube.  Formerly 
this  was  done  by  a  very  simple  and  ingenious  device  known 
as  the  seed  bag  (fig.  7).  A  long,  stout  leather  bag  is  made  in 
the  form  of  a'cylinder,  open  at  both  ends,  and  just  the  size  of 
the  well  bore.  This  is  slipped  on  the  lower  end  of  the  pipe, 
and  the  bottom  of  the  bag  securely  fastened  about  the  tube  by 
wrapping  with  marline.  A  thimble  just  above  the  tie  will 
aid  in  preventing  slipping.  It  is  then  filled  with  dried  flax- 
seed, and  the  upper  end  likewise  closed  around  the  tube. 
When  thus  adjusted  it  is  lowered  into  the  well  to  the  point 
determined  upon  and  supported  there  until  the  seeds  swell  by 
absorbing  water.  This  enlarges  the  bag  so  as  to  fit  the  bore 
tightly  and  shut  off  all  water  from  rising  outside  the  pipe, 
and  so  all  is  compelled  to  ascend  through  the  tube  to  the  sur- 
face, or  at  least  as  high  as  the  pressure  is  competent  to 
force  it. 

A  better  and  more  convenient,  but  more  expensive,  packing 
takes  advantage  of  the  expansion  of  rubber  disks  when 
pressed  together,  instead  of  the  swelling  of  flaxseed.  A  series 
of  thick,  washer-like  rings  of  rubber  are  fitted  about  a  section 
of  pipe,  so  adjusted  between  iron  disks  that,  after  being  put 
down,  they  can  be  screwed  together  and  so  caused  to  expand 
laterally  and  completely  fill  the  bore. 

The  construction  of  the  parts  and  their  adjustment  are 
sufficiently  indicated  in  the  accompanying  figures,  which  illus- 
trate one  of  the  forms  in  use. 

In  a  form  employed  in  the  oil  regions  the  expansion  of  the 
rubber  disks,  or  of  a  single  cylindrical  one,  is  accomplished 
by  pressing  a  conical  hollow  wedge  between  the  pipe  and  the 
rings,  thus  forcing  them  out  against  the  walls  of  the  well. 

In  this  case  the  packing  is  supported  by  a  perforated  tube- 
reaching  to  the  bottom  of  the  well.  As  the  packing  in  artesian  wells  is  often 
located  near  the  top,  the  necessity  for  support  from  below  excludes  this  form  in 
most  cases. 

Detection  of  flow. — It  has  been  remarked  above  that  the  water  may  rise  from 
the  bottom  to  some  higher  portion  of  the  well  and  there  find  escape  by  passing 
off  laterally  through  the  upper  strata.  In  the  absence  of  control  the  water 
docs  not  always  rise  and  overflow.  It  is  a  matter  of  some  practical  moment, 
therefore,  to  know  when  a  stream  is  struck  which  may  yield  a  flow  at  the  sur- 
face when  put  under  proper  control.  (1)  Such  a  stream  usually  discovers 
itself  by  a  rise  of  water  in  the  well,  but  this  is  not  always  the  case.     (2)   Some 


Fig.  7.— Seed 
bag.  a,  Delivery 
tube,  leading  to 
the  surface  of  the 
well,  and  termi- 
nating below  the 
seed  bag;  c,  a  leath- 
er bag  filled  with 
dry  flaxseed;  £>, 
mar  line  wrap- 
pings to  secure 
the  end  of  the  seed 
bag.  ( After  Chain  - 
berlin.) 

-an  "  anchor  " — 


a  Chamberlain,  T.  C,  Requisite  and  qualifying  conditions  of  artesian  wells 
Kept.  U.  S.  Geol.  Survey,  1885,  pp.  131-172. 
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influence  on  the  action  of  the  drill  is  liable  to  be  felt,  which  may  arouse  sus- 
picion. (3)  In  any  instance  of  a  strong  flow  the  drillings  are  apt  to  be  carried 
away,  so  that  when  the  sand  pump  fails  to  bring  these  up,  or  brings  only 
coarser  material,  there  is  good  reason  to  believe  that  a  stream  has  been  struck, 
and  the  proper  tests  should  be  made.  In  enterprises  that  do  not  require  a 
voluminous  flow,  tests  should  usually  be  made  when  such  indications  appear. 


mum 


ism 


Fig.    8. — Rubber    packing,    shown   apart.  Fig.  9. — Rubber  packing,  shown  screwed 

a,  Section  of  delivery  tube,  extending  to  the  together  as  it  is  in  the  well.  (After 
surface;  b,  a  large  thimble  into  which  k  Chamberlin.) 
screws  ;  e,  an  iron  washer  ;  c,  a  set  of  rub- 
ber disks  fitting  on  k,  between  b  and  d  ;  /.-. 
a  section  of  pipe  on  which  is  turned  a  long 
screw  fitting  in  the  thimble  b;  d,  a  disk 
forming  the  head  of  the  screw  k ;  h,  a  sec- 
tion of  pipe  extending  about  2  feet  below 
the  packing ;  i,  a  spring  to  press  against 
the  walls  and  hold  the  pipe  h  while  the 
section  a  and  thimble  b  are  screwed  upon  k. 
(After  Chamberlin.) 

It  is  ordinarily  desirable  to  test  the  capacity  of  any  stratum  which  gives  any 
of  these  or  other  indications,  before  sinking  to  a  lower  one.  It  is  advisable  to 
make  provision  in  the  contract  for  such  tests,  since  it  is  not  always  to  the  inter- 
est of  the  driller,  once  his  machinery  is  set  up  and  well  at  work,  t«>  stop  at  the 
more  limited  depth.  The  capabilities  of  the  flow  may  be  tested  by  the  use  of  a 
tube  and  seed  bag,  or  by  rubber  packing,  as  explained  above. 

Negative  and  false  tests. — It  is  possible,  in  perfect  honesty,  to  make  both  a 
negative  and  a  false  test.  Suppose  the  two  porous  beds,  A  and  B  (fig.  10), 
separated  by  an  impervious  layer,  are  traversed  and  the  testing  of  the  first 
has  been  neglected,  either  because  it  failed  to  give  encouraging  indications  or 
for  other  reasons.  It  is  now  desired  to  test  these.  Suppose  the  seed  bag  or 
rubber  packing  be  placed  above  the  upper  one.     Now,  if  both  bear  a  water 
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Fig.  10.— Section 
of  well  illustrating 
a  negative  test. 


level  equally  high,  the  test  will  he  fairly  made  and  the  result  will  indicate 
their  comhined  capacity,  or  if  both  heads  are  at  least  as  high  as  the  surface  at 
the  well  the  test  may  he  accepted.  Hut  suppose  that  the  bed 
A  has  been  cut  into  by  erosion,  or  been  reached  by  crevices, 
or  is  otherwise  defective,  while  the  other,  B,  remains  intact 
and  bears  an  elevated  fountain  head.  Under  these  conditions 
the  water  may  flow  from  7?  through  the  bore  into  A  and 
escape  laterally  through  it,  as  illustrated  in  the  figure.  Now, 
in  this  case  the  result  may  be  either  simply  negative  or  posi- 
tively false  and  misleading.  If  the  lateral  leakage  through 
the  stratum  A  effectually  disposed  of  the  flow  from  B  and 
there  was  no  leakage  in  the  upper  portion  of  the  well,  the 
water  in  the  test  tube  would  stand  during  the  test  at  essen- 
tially the  same  height  as  before,  and  the  result  would  be 
negative,  merely  failing  to  indicate  a  possi- 
bility that  really  existed.  If,  on  the  other 
hand,  there  was  lateral  leakage  through  the 
upper  strata  as  well  as  through  A,  neither 
alone  being  quite  competent  to  dispose  of 
the  flow  from  B,  then  the  introduction  of 
the  test  pipe  would  cut  off  the  upper  leak- 
age, leaving  the  bed  A  unable  to  dispose  of 
the  entire  flow.  In  this  case  there  would 
be  a  rise  of  water  in  the  tube,  and  possibly 
a  flow.  The  mischievousness  of  a  test  of  this  sort  lies  in  the 
fact  that  it  appears  to  be  a  true  test,  while  in  reality  it  is 
false  and  misleading.  The  true  test  in  this  case  can  only  be 
made  by  placing  the  packing  between  the  porous  beds  A  and  B. 
2.  Take  another  instance  where  two  porous  beds,  as  A  and 
B  (fig.  II),  have  been  traversed.  Let  the 
packing  be  placed  between  these.  Then  (1), 
if  A  equals  B  in  productive  capacity,  water 
will  stand  at  the  same  height  within  and 
without  the  test  pipe  if  there  is  no  leakage 
in  the  upper  beds.  (2)  If  the  failure  to 
flow  was  due  to  such  leakage,  then  a  flow 
will  result  from  B,  but  the  additional  flow 
which  might  be  secured  from  A  is  lost  (see  figure).  (3)  If  A 
has  a  greater  head  than  B,  and  if  there  is  no  loss  above,  the 
water  in  the  test  pipe  will  actually  be  lower  than  that  out- 
side, as  illustrated  in  fig.  12.  This  may  be  said  to  be  an 
inverted  test,  and  is  less  misleading  than  the  false  and  nega- 
tive tests,  since  it  plainly  indicates  an  error  of  manipulation. 
I  have  known  of  such  a  case  of  reduced  head  as  the  result  of 
an  attempted  test.  (4)  If,  however,  there  is  in  this  case 
considerable  lateral  waste  in  the  upper  strata,  the  valuable 
flow  from  A  will  be  lost,  just  as  before  the  test  was  made, 
while  B  may  give  a  rise  in  the  tube,  or  even  a  flow,  which 
would  foster  the  impression  that  a  fair  test  had  been  made, 
while  in  reality  the  greater  flow  has  been  lost.  (5)  If  A 
gives  a  feebler  flow  than  B,  but  has  an  equal  head,  the  test 
will  fail  of  being  completely  satisfactory  only  in  excluding  the  feebler  flow 
from  A.     ((>)    If,  however,  A  has  a  lower  head  and  is  a  possible  means  of  escape 


Fig.  11.— Section 
of  well  illustrating 
a  partial  and  mis- 
leading test. 


■'W 


Fig.  12.— Section 
of  well  illustrating 
inverted  test. 
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for  the  flowage  from  B,  then  the  packing  has  heen  placed  at  the  right  point  and 
the  test  gives  the  hest  results. 

3.  In  still  another  case  let  A  and  B  represent  porous  heds  (fig.  13),  the  lower 
of  which  is  so  conditioned  as  to  drain  the  upper  one  by  virtue  of  a  lower  out- 
crop in  the  manner  previously  explained  and  illustrated.  (1)  If  the  drainage 
loss  helow  is  not  complete,  and  if  the  packing  is  placed  above  A,  as  shown  in 
fig.  13,  L  the  result  will  be  negative  if  there  is  no  leakage  in  the  upper  strata. 
(2)  Should  there  be  considerable  loss  there  it  will  be  cut  off  by  the  tube  and 
packing,  and  some  rise  in  the  tube  will  be  the  result  in  most  cases.  In  either 
instance  the  result  is  misleading,  particularly  in  the  last,  because  the  small 
rise  of  the  water  is  apt  to  allay  any  suspicion  as  to  the  effectiveness  of  the 
test.  The  real  fact,  however,  remains  that  the  flow  from  the  productive 
stratum  is  mainly  lost  below.  (3)  Suppose  that  the  packing  is  located 
between  A  and  £,  as  in  fig.  13,  //,  it  will  then  shut  off  the  flow  from  A, 
while  that  in  B,  because  of  a  lower  outlet,  will  fail  to  flow.  Now,  if  there  is 
opportunity  for  lateral  leakage  in  the  upper  strata  the  water  from  A  will  rise 
in  the  well  outside  of  the  test  pipe  and  pass  off  into  these  open  upper  beds. 
(4)  But  if  no  such  opportunity  is  afforded  it  may  rise  to  the  surface  and  over- 
flow outside  of  the  test  pipe,  while  the  water  within  the  test  pipe  will  probably 
be  found  to  be  lower  than  before  the  test  was  made. 


The  proper  method  of  testing  wells  known  or  suspected  to  present  these  con- 
ditions is  to  sink  a  simple  bag  of  seed  or  other  obstruction  to  a  point  in  the 
impervious  stratum  between  .1  and  /.'.  which,  when  it  tightens  in  its  place,  will 
shut  off  the  flow  below.  Then  a  tube  with  packing  sunk  to  a  point  above  .1  will 
effectually  cut  off  all  leakage  in  the  upper  strata  and  the  full  capacity  of  the 
water  bed    1  will  be  tested. 

These  examples,  while  not  exhaustive  of  possible  cases,  illustrate  the  nature 
of  defective  tests  and  the  deceptive  conclusions  liable  to  be  drawn  from  them. 
The  remedy  is  manifest  Test  each  water-bearing  stratum  as  it  is  encountered, 
or  else  vary  the  final  tests  so  as  effectually  to  exclude  all  liabilities  to  error. 

Some  comment  may  be  made  on  the  special  application  of  these 
directions  in  this  region.  In  Kittitas  Valley  the  strata  encountered 
in  the  downward  progress  of  the  drill  outcrop  along  the  neighbor- 
ing hill  slopes  at  successively  higher  elevations,  so  that  there  does  not 
seem  to  be  much  danger  of  leakage  from  a  water-bearing  stratum  to 
the  one  beneath,  and  a  plug  inserted  just  above  the  highest  strong 
flow  should  be  sufficient.  In  the  wheat  lands,  where  conditions  are 
less  thoroughly  understood,  more  care  should  be  taken  to  make  the 
tests  exhaust  ive. 

It  has  been  noted  that  in  wells  sunk  from  the  plateau  levels  of  the 
wheat  lands  water  is  generally  found  at  about  the  same  depth  as  in 
the   bottoms  of  the   neighboring  coulees.     An    artesian   flow   could 
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hardly  be  expected  at  a  less  depth,  for  the  extensively  dissected  upper 
strata  would  be  too  leaky  to  hold  water  under  pressure.  Wells  on 
high  ground,  therefore,  should  be  sunk  lower  than  the  bottom  of  any 
neighboring  coulee  and  the  test  plug  inserted  below  all  porous  layers 
that  are  exposed  in  the  coulee  walls.  In  wells  sunk  in  canyon  bot- 
toms it  would  perhaps  answer  in  most  cases  to  insert  the  plug  in  the 
first  layer  of  compact  basalt  below  the  loose  and  porous  surface 
material. 

By  way  of  summarizing  this  brief  consideration  of  artesian  tests 
it  is  desired  to  state  emphatically  the  following  important  points: 

(1)  The  fact  that  the  water  does  not  overflow  from  an  uncased 
well  does  not  prove  that  an  artesian  flow  might  not  be  developed 
under  proper  conditions. 

(2)  A  well  in  which  water  rises  appreciably  is  worthy  of  being 
exhaustively  tested,  unless  the  nonexistence  of  artesian  conditions  in 
its  neighborhood  has  been  proved,  and  the  tests  should  be  carried  out 
with  an  understanding  of  the  principles  that  govern  artesian  flow. 

(3)  It  is  unnecessarily  wasteful  to  case  a  well  before  it  has  been 
tested.  The  preliminary  tests  may  be  made  with  inexpensive  appa- 
ratus, thus  saving  the  heavy  expense  of  casing  until  it  is  known  to  be 
justifiable. 


DEPTH    OF    EXPERIMENTAL    BORINGS. 


It  is  a  question  of  some  moment  to  what  depth  it  is  proper  to  carry 
experimental  borings.  An  idea  is  widely  prevalent  that  the  chances 
of  obtaining  artesian  water  increase  ^with  the  depth  of  the  well,  and 
even  that  artesian  water  may  be  obtained  at  any  place  if  the  well  goes 
deep  enough.  This  notion  has  a  certain  basis  in  the  fact  that  deeper 
strata  are  less  liable  to  be  tapped  by  erosion  than  higher  ones.  Under 
certain  conditions,  however,  which  are  illustrated  in  fig.  14,  the 
deeper  strata  may  be  less  likely  to  yield  a  flow  than  those  above. 


Fig.  14. — Ideal  section  showing  relative  probability  of  obtaining  artesian  flow  at  various 
depths.  Tlie  stratum  A  is  tapped  by  the  river  at  R,  while  C  and  D  are  unfavorably  sit- 
uated for  receiving  a  supply.  B  is  capable  of  imbibing  a  good  supply  along  its  upper 
edge,  and  is  not  cut  by  the  river,  so  that  it  is  likely  to  yield  a  flow  from  a  well  sunk 
at  W. 

Many  drillers  in  the  wheat  lands  have  thought  that  it  would  be 
worth  while  to  sink  wTells  to  a  depth  of  from  1,000  to  1,500  feet,  in 
order  to  reach  below  the  strata  that  are  extensively  exposed  in  the 
river  canyons.  Such  a  belief  should  not  be  adopted  hastily.  These 
deep  strata  would  probably  be  less  exposed  to  leakage,  although  the 
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writer  is  not  sufficiently  acquainted  with  the  region  to  the  east  to 
speak  positively,  but  it  is  doubtful  whether  they  are  favorably  ex- 
posed to  take  in  a  supply  available  in  the  wheat  lands.  The  doubt 
existing  on  this  point  in  the  present  state  of  our  knowledge  should  be 
frankly  faced  by  anyone  who  contemplates  putting  down  a  very  deep 
well.  Before  any  such  costly  experiments  are  made  some  of  the  more 
favorably  situated  wells  of  the  present  moderate  depths  should  be 
thoroughly  tested.  In  wells  to  be  sunk  in  the  future  each  water- 
bearing layer  should  be  tested  as  soon  as  reached,  and  if  a  satisfac- 
tory flow  is  developed  at  any  point  the  owner  should  rest  satisfied  and 
not  tempt  fortune  by  continuing  to  greater  depths. 

CASING    NONFLOWING    WELLS. 

If  upon  test  a  flow  be  developed,  the  well  should  be  cased  down  to 
the  point  at  which  it  is  found  that  the  packing  is  most  advanta- 
geously located.  But  it  does  not  seem  wise  or  economical  to  con- 
fine casing  to  those  wells  that  develop  a  surface  flow.  Suppose  a 
well  in  which  the  underground  pressure  is  sufficient  to  force  the 
water  in  an  open  tube,  inserted  with  a  tight  joint  above  the  porous 
water-bearing  layer,  to  within  50  feet  of  the  surface,  but  that  in  its 
rise  through  the  uncased  well  it  meets  a  leaky,  porous  bed  through 
which  it  escapes  at  100  feet  from  the  surface.  In  such  a  case  as  this 
the  windmill  or  other  pumping  engine  must  raise  the  water  100  feet, 
when,  if  the  underground  pressure  were  fully  conserved,  the  water 
need  be  lifted  only  half  that  distance.  There  is  a  clear  waste  of  50 
per  cent  of  the  power,  for,  as  is  evident  to  all  wTho  are  acquainted  with 
the  elementary  principles  of  mechanics,  a  pump  capable  of  lifting 
1,000  gallons  per  hour  through  a  vertical  distance  of  100  feet  could 
lift  2,000  gallons  per  hour  through  half  that  height.  The  compara- 
tively slight  expense  of  packing  the  lower  end  of  the  pipe  might  in 
many  cases  be  repaid  time  and  time  again  by  the  saving  in  powder 
where  power  is  a  source  of  considerable  expenditure,  or  by  the 
increased  yield  of  water  wrhere  all  the  water  developed  can  be  used  to 
advantage. 

Two  qualifying  phrases  in  the  last  sentence  require  some  further 
explanation.  In  the  vast  majority  of  the  deep  wTells  now  existing  the 
pumping  engines  are  windmills,  and  the  cost  of  power  is  confined  to 
the  small  annual  expenditure  for  repairs,  oil,  etc.,  plus  the  ordinary 
wear  and  tear  on  the  machine.  Moreover,  the  amount  of  water  fur- 
nished by  a  single  mill  is  usually  sufficient  for  all  farm  uses.  Under 
such  circumstances  as  these,  where  the  running  expenses  are  almost 
nothing  and  the  supply  meets  all  demands,  there  seems  to  be  little 
inducement  to  make  even  a  small  outlay  for  packing  the  well  pipe. 

Where,  however,  a  large  and  constant  supply,  such  as  is  required 
to  furnish  a  town  water  system,  is  demanded,  a  gasoline  or  steam 
pump   is  generally   used.     The   necessary    fuel   is   then   a   constant 
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source  of  expense,  and,  consequently,  a  possible  saving  of  power, 
such  as  may  be  accomplished  by  packing,  is  worthy  of  careful 
consideration. 

In  the  second  place,  if  the  rancher  were  able  to  use  economically 
a  large  quantity  of  water  it  would  be  desirable  for  him  to  draw 
from  his  well  the  greatest  amount  that  his  windmill  could  supply 
under  the  most  favorable  conditions.  It  seems  to  the  writer  that 
such  a  use  for  the  surplus  above  what  is  needed  for  ordinary  farm 
uses  is  to  be  found  in  the  irrigation  of  fruits  and  vegetables.  While 
in  the  region  east  of  the  Columbia  the  conditions  are  such  that 
horticulture  will  probably  never  become  a  leading  industry,  it  seems 
certain  that  vegetables,  small  fruits,  and  certain  orchard  fruits 
might  be  produced  in  greater  quantity  and  of  much  better  quality 
than  they  are  at  present  if  the  fullest  use  were  made  of  the  possi- 
bilities of  irrigation  from  wells.  If  such  a  use  were  found  for  all 
the  water  available,  the  desirability  of  packing  in  all  cases  where 
the  water  level  in  the  well  could  thereby  be  materially  heightened  is 
evident. 

Efficient  and  systematic  irrigation  of  gardens  from  deep  wells 
would  involve  the  construction  of  reservoirs,  either  wooden  tanks  or 
excavations  lined  with  masonry  or  sod.  The  methods  of  irrigation 
can  not,  however,  be  dealt  with  in  this  paper.  Those  interested  in 
the  subject  will  do  well  to  refer  to  Mr.  Newell's  recent  work  on 
irrigation,0  where  all  the  branches  of  that  important  art  are  treated 
fully. 

CONCLUSION. 

This  report  may  be  closed  appropriately  with  a  brief  recapitulation 
of  the  more  important  points  developed  in  the  preceding  pages  on  the 
deep  wells  of  east-central  Washington. 

In  the  wheat  lands  the  records  of  numerous  wells  demonstrate  that 
abundant  water  of  good  quality  can  be  obtained  from  porous  layers 
in  the  basalt  series  at  depths  varying  from  40  to  670  feet.  In  general, 
the  average  depth  at  which  a  good  supply  is  reached  increases  gradu- 
ally toward  the  south. 

The  water  generally  rises  in  these  wells  to  a  greater  or  less  extent, 
which  proves  that  the  deep  waters  beneath  the  wheat  lands  are  under 
pressure,  and  that  they  are,  therefore,  in  the  broad  sense  of  the  term, 
artesian.  Despite  these  encouraging  manifestations,  however,  no 
instance  is  known  in  which  an  attempt  has  been  made  to  measure  the 
effective  head  of  the  artesian  streams,  nor  has  any  well  in  the  region 
been  cased  to  prevent  leakage  through  porous  beds  above  the  confin- 
ing stratum  of  compact  basalt.     There  is  good  reason  to  believe  that 


a  Newell,  F.  II.,  Irrigation  in  the  United  States,  New  York,  1902. 
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there  are  wells  in  the  wheat  lands  in  which  the  water  fails  to  read) 
the  top  solely  on  account  of  leakage  through  loose  surface  material. 

It  is  strongly  urged,  therefore,  that  the  more  favorably  situated 
wells  be  tested  thoroughly  in  order  that  definite  information  may  be 
obtained  regarding  artesian  pressures.  Directions  for  making  such 
tests  have  been  given  in  the  appropriate  place.  All  wells  which 
then  prove  capable  of  giving  a  surface  flow  should  be  efficiently  cased. 

It  is  thought  advisable  not  only  to  case  any  wells  that  will  give  a 
surface  Aoav,  but  to  pack  the  bottom  of  the  pipe  in  many  other  wells 
in  which  the  water  surface  could,  by  that  means,  be  raised  materially. 
Such  a  procedure  would  be  economical  where,  on  the  one  hand,  a  gaso- 
line or  steam  pumping  engine  is  used  and  the  running  expenses  for 
fuel,  etc.,  are  considerable;  or  where,  on  the  other  hand,  a  windmill  is 
used  and  the  running  expenses  are  insignificant  but  it  is  desired  to 
augment  the  supply  by  this  means  if  use  can  be  found  for  all  the 
water  that  can  be  obtained.  It  is  suggested  that  irrigation  of  gar- 
dens and  orchards  from  deep  wells  would  afford  a  profitable  means  of 
utilizing  most  of  the  water  that  can  be  developed  in  excess  of  the 
requirements  of  stock  and  the  household. 

There  seems  to  be  a  fairly  good  chance  of  obtaining  artesian  foun- 
tains in  the  vicinity  of  Lind  and  of  Parnell  and  in  the  coulees  west 
of  the  Lind-Ritzville  district,  but  the  artesian  pressures  are  probably 
insufficient  to  raise  water  to  the  general  plateau  levels  of  the  wheat 
lands. 

In  the  arid  range  land  just  east  of  the  Columbia  water  could  be 
found  at  comparatively  moderate  depths,  but  conditions  do  not  favor 
the  hope  of  obtaining  artesian  flows.  A  number  of  stock  wells  could 
probably  be  sunk  in  this  region  to  advantage,  and  if  located  at  points 
far  from  any  of  the  natural  drinking  places  might  render  available 
some  areas  now  largely  neglected  by  the  stock  because  of  their  dis- 
tance from  water.  The  excessively  grazed  stretches  near  the  streams 
and  springs  might  then  have  an  opportunity  to  recuperate  if  the  num- 
ber of  animals  on  the  range  could  be  kept  within  a  reasonable  limit. 
The  ruin  of  this  range  seems  imminent,  however,  unless  those  who 
have  grazing  interests  there  adopt  a  conservative  policy.  The  waste- 
fulness and  shortsightedness  of  overstocking  has  too  often  been 
demonstrated  by  experience  and  only  realized  when  the  evil  was 
past  remedy. 

That  there  would  be  better  chances  of  obtaining  artesian  flows  on 
the  Columbia  Plains  by  very  deep  borings  than  from  some  of  the 
moderately  deep  wells  now  existing  is  doubtful.  Deep  experimental 
borings  in  the  basalt  are  to  be  regarded  in  the  present  condition  of 
our  knowledge  as  involving  considerable  financial  risk.  The  searcher 
for  artesian  water  should  make  careful  and  exhaustive  tests  of  the 
upper  water  horizons  before  he  siuks  capital  in  a  dee])  boring. 
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The  writer  believes  that  wells  sunk  in  the  lower  portions  of  Kittitas 
Valley  to  the  base  of  the  Ellensburg  series  and  properly  cased  would 
yield  artesian  flows.  If,  however,  a  properly  conducted  experiment 
resulted  in  failure  to  obtain  a  flow  from  the  Ellensburg  series,  the 
advisability  of  continuing  the  boring  into  the  basalt  underneath 
would  be  doubtful.  Granting,  however,  that  the  chances  of  obtaining 
surface  flows  are  good,  the  wisdom  of  prospecting  for  artesian  Avater 
in  Kittitas  Valley  must  depend  upon  the  answer  to  the  question 
whether,  if  an  artesian  supply  were  obtained,  it  could  be  used 
economically. 
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Glacial   course  of,   around    Okanogan 

Glacier 44 

Glacial  history  of 44 

Glacial  ice  dam  on 43, 44 

gravel  deposits  along 42-43 

grazing  along 23 

irrigation  from 50-51 

irrigation  from,  plans  for  increase  of . . .        51 

use  of,  as  source  of  water  supply 50-51 

Columbia  River  lava,  definition  of 30 

Columnar  structure  in  basalt,  features  of  . .  33-34 

Connell,  Travel  deposits  near 42, 43 

precipitation  at 20 

well  at,  data  concerning 72 

Connell-Ritzville  district,  structure  in 69-70 

topography  of 70 

water  supply  of 70-71 

well  records  in 71-75 

Consequent  and  antecedent  streams.    See 
Streams. 

Coulee,  typical,  view  of 20 

Coulee  City,  gravel  deposits  near 42 

morainal  bowlders  near 44 

springs  near 55 

wells  near 59 

Coulees,  origin  of 42 

Crab  Creek,  agriculture  along 26, 27 

antecedent  character  of 42 

course  and  general  features  of 17 

desert  lands  near  lower  stretches  of 77-78 

features  of 50 

Glacial  history  of .. 44 

gravel  deposits  near 42 

grazing  near 23 

region  near,  structure  of 37-38 

region  south  of,  structure  in 69-70 

topography  of 70 
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Crab  Creek,  region  south  of,  water  supply  in .  70-71 

well  records  in 71-75 

springs  near 55 

tributaries  of 17-18 

volcanic  ash  bed  on,  valley  of 34 

water  supply  from 50 

Craig's  ferry,  volcanic  ash  beds  at 34 

Craig's  ranch,  boring  near 78 

D. 

Dairying,  practice  of 29 

Desert  of  Columbia  Plains,  features  of 15-16 

grazing  areas  in 23 

Drainage  of  the  region,  features  of 16-20 

Dry  Coulee,  f ragmen tal  volcanic  rocks  in. .        34 

Dunes  of  sand,  features  of 44-45 

E. 

Ellensburg,  temperatures  at 21 

Ellensburg  ditch,  data  concerning 52 

Ellensburg  formation,  character  of 35-37, 79 

distribution  of 35 

extent  of 29 

forests  of 36 

section  of 35-36 

thickness  of,  in  Kittitas  Valley 79 

water-bearing  beds  in 36 

water-bearing  conditions  of 91 

Eltopia,  well  at,  data  concerning 71 

Eolian  deposits,  extent  and  character  of . . .  1 1- 19 

Ephrata,  glacial  deposits  near 44 

morainal  bowlders  near 44 

wells  at 59 

F. 

Faults  of  the  region,  problems  concerning.  37-38 

Fires,  forest,  notes  on 54 

Folds  of  the  region,  character  of 39-40 

influence  of,  on  artesian-water  condi- 
tions         40 

Forage  growing,  areas  devoted  to 27,28-29 

Forest  tires,  notes  on 54 

Forests,  protection  of,  necessity  for 54 

Fruit  growing,  areas  devoted  to 27-28, 29 

G. 

Geology  of  t  he  region 29-49 

Glacial  history  of  the  region,  summary  of. .   13-44 

Grain  culture,  practice  of 26-27,29 

Grand  Coulee,  agriculture  in 26 

features  of 18-19 

morainal  bowlders  in 44 

origin  of 42, 44 

problematic  fault  along 38 

view  of 44 

Gravel  deposits,  origin  of 42-43 

Grazing  in  the  region,  notes  on 22-24 

Great  Plains  of  the  Columbia.    See  Colum- 
bia Plains. 

H. 

Hanson  Creek,  soil  on,  analysis  of 47 

Harrison  Springs,  agriculture  near 26 

features  of 57-59 

nature  of  flow  of 78 

sections  at 58 
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Hartline  district,  structure  in 75 

topography  of 75 

water  supply  of 75 

well  records  in 75-76 

Hatton,  well  at,  data  concerning 72 

Hillebrand,  W.  F.,  analyses  of  basalt  by 47 

Horticulture,  areas  devoted  to 27-28, 29 

Hydrology  of  the  region 49-91 

I. 
I  rrigation,  methods  of 50-54 


John  Day  system,  discrimination  of 35  {note) 

K. 

Kachess  Lake,  dam  across  outlet  of 53 

Kittitas  Creek,  volcanic  ash  bed  on 34 

Kittitas  Valley,  agriculture  in 28  29 

a  rt  esian  conditions  in 86, 91 

Ellensburg  beds  in 79 

fragmental  volcanic  rocks  in 34 

geologic  sketch  map  of 7 

gravel  deposits  in 43 

irrigation  in 51  54 

stratigraphy  of 79 

structure  of 40, 79 

topography  of 15, 79-80 

water  supply  of 80 

wells  in 59,61 

well  records  in 80-82 

Koppen's  ranch,  section  near 35-156 

Krupp,  ^>il  from,  analysis  of 47 

springs  near 55 

L. 

hake,  well  at,  data  concerning 71,73 

Lakes  of  the  region,  general  features  of —  19-20 

Lava  flows,  surface  features  of 32-33 

Lind,  artesian  prospects  near    90 

precipitation  al 20 

temperature  at 21 

wells  at  and  near,  data  concerning 72,74 

Lind  Coulee,  location  of 18 

well  in 60,74 

Lind-Ritzville   district,   artesian  prospects 

near 90 

M. 

McDonald,  D.  F.,  aid  by 12 

Manastash  ditch,  data  concerning 53 

Marshes,  reclamation  of 50 

Mascall  formation,  correlation  of 35  (note) 

Merriam,  J.  C,  on  John  Day  system 35  ( i">/'  ) 

Merrill,  G.  P.,  analyses  of  basalt  and  soil  by.  16,  17 
Moraine  of  Okanogan  Glacier,  extent  and 

character  of 44 

Moses  Coulee,  antecedent  character  of 11 

Moses  Lake,  alkalinity  of 19 

glacial  depositsat 44 

gravel  deposits  near 42 

grazing  near 23 

references  to 17, 19 

sa nd  dunes  at 44-45 

Moxee  artesian  basin,  source  of  water  in. . .  36 
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Naches  Valley,  Ellensburg  formation  in  —       36 

Newell,  F.  H.,  acknowledgments  to 13 

letter  of  transmittal  by 9 

on  irrigation 89 

O. 

Odessa,  well  at,  data  concerning 74 

Okanogan  Valley,  Glacial  history  of 43, 44 

Orchards,  areas  devoted  to 27-28 

P. 

Paha,  springs  at 55 

Parnell,  artesian  prospects  near 90 

Pasco,  boring  at 78 

Physiography  of  the  region 40-49 

Pilot  Rock,  a  glacial  bowlder,  location  of  . .       44 
Plains   of   the  Columbia.     See    Columbia 

Plains. 
Preece,  Joseph,  well  records  furnished  by..  80-81 

Preece  ranch,  well  on 81 

Priest  Rapids,  bend  of  Columbia  River  at, 

origin  of 42 

gravel  deposits  near 43 

power  at,  proposed  utilization  of 61 

Providence  Coulee,  location  of 18 

Pumps,  forms  of,  used  in  raising  water  from 

wells 88-89 

use  of,  for  lifting  water  from  Columbia 

River  for  irrigation 51 

Q. 

Quincy  district,  structure  in 76-77 

topography  of 77 

water  supply  of 77 

well  records  in 77 

R. 

Rainfall  in  the  region,  amount  of 20 

Range  lands,  location  of 22-24 

Ritzville,  well  drilling  near,  cost  of 60 

wells  at  and  near,  data  concerning..  72, 74-75 
Ritzville  -  Connell   district.     See  Connell- 

Ritzville  district. 
Rivers  and  streams  of  the  region,  features 

of 16-19 

See  also  Streams. 
Russell,  I.  C,  Columbia  River  lava  named 

by 30  (note) 

explorations  made  by,  mention  of 12-13 

figure  cited  from 64 

on  basalt,  secondary  parting  in 33-34 

on  dikes  in  sandstone  beneath  Yakima 

basalt 31 

on  geologic  structure  of  central  Wash- 
ington    37, 38, 39 

on  nonartesian  conditions  in  Kittitas 

Valley 81 

on  Saddle  Ridge,  structure  of 42 

on  soils  of  Washington,  residuary  origin 

of 45 

on  soils  of  wheat  lands  of  Columbia 

Plains 46 

on  springs,  method  of  increasing  flow 

of 55-56 
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Saddle  Mountain,  bench  south  of,  waterless 

region  on 78-79 

drainage  of 41 

features  of 16 

fold  of 39 

gravel  deposits  near 43 

sand  dunes  near 44-45 

spring  near 55 

structure  of 37, 40 

supposed  subterranean  stream  on  slope 

of 66 

topography  of 16 

volcanic  ash  bed  at 34 

St.  Andrew,  morainal  bowlders  near 44 

Salisbury,  R.  D. ,  on  Okanogan  Glacier 43 

Sand  dunes,  features  of 44-45 

Sanders  well,  data  concerning 81 

Seed  bag,  use  of,  in  artesian  wells 83 

Sentinel  Bluffs,  surveys  made  near,  for  irri- 
gation   ditch    from    Columbia 

River 51 

volcanic  ash  bed  at 34-35 

Shushuskin  Canyon,  fragmental  volcanic 

rocks  in 34 

Skooten  Spring,  location  and  use  of 55 

Smith  G.  O. ,  acknowledgments  to 13 

on  artesian  conditions  in  Moxee  artesian 

basin 80 

on  Clerf  Spring 56 

on  dikes  in  sandstone  beneath  Yakima 

basalt 31 

on  Ellensburg  beds 35,36,79 

on  stream  leakage  into  artesian  reser- 
voir   66 

Yakima  basalt  named  by 30  (note) 

Soap  Lake,  alkalinity  of 19 

Soils  of  wheat  lands,  analyses  of 46-48 

character  and  origin  of „ .  45-49 

color  of 45 

source  of 49 

thickness  of 45 

wind-deposited  elements  of 45-49 

Springs,  classes  of 54 

canyon,  features  of 55 

localities  of 55-56 

fissure,  data  concerning 56-59 

surface,  features  of 54-55 

location  of 55 

Squaw  Creek,  volcanic  ash  bed  on 34 

Steiger,  George,  analyses  of  soils  by 47 

Stoney  ranch,  well  on 81 

Stratigraphy  of  the  region 30-37 

Streams  of  the  region,  antecedent,  features 

of 41-42 

consequent,  features  of 41 

courses  of,  relation  of,  to  structure 41-42 

erosion  work  of 41-43 

terraces  of,  character  and  history  of 42-43 

use  of,  as  sources  of  water  supply 50-54 

Structure,  geologic,  of  the  region 37-40 

Sulphur  Lake,  alkalinity  of 20 

Symons,  T.  W.,  exploration  by,  mention  of.       12 

T. 
Table  Mountain,  drainage  of,  character  of.       41 

folds  of 39 

forests  on 21,22 
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Table  Mountain,  stock  ranges  near 23 

structure  of - 40 

Taneum  ditch,  data  concerning 53 

Terraces,  character  and  origin  of 42-43 

Topographic  divisions  of  the  region 13-15 

Trinidad,  irrigation  near 51 

U. 

Umptanum  Valley,  basalt  in,  view  showing.       20 
V. 

Vegetation  of  the  region,  character  of 21-22 

Volcanic  rocks,  character  of 32-35 

extent  of 29,30 

origin  of 31-32 

W. 

Water  wheels,  use  of,  in  lifting  water  from 

Columbia  River  for  irrigation . .        50 

Waters,  deep,  data  concerning 67-82 

Wells,  casing  of,  suggestions  concerning...  88^89 

classes  of 49 

deep,  costof 60 

data  concerning 60-91 

suggestions  concerning 82-89 

pumping  from,  suggestions  concerning.        88 

sources  of  water  of 49 

surface,  data  concerning 59-60 

See  also  Artesian  wells. 
West  Side  Irrigation  Company,  data  con- 
cerning ditch  of 52-53 

Wheat  growing,  areas  devoted  to 26-27, 29 

Wheat  lands,  sharp  transition  from  under- 
lying basalt  rock  to 40 

soils  of 45-49 

Character  and  origin  of 45-49 
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Wheat  lands— Continued. 

soils  of,  color  of 45 

persistent  chaiacter  of,  at  all  depths.  45-46 

physical  properties  of 45 

thickness  of 45 

topography  of 16 

White  Bluffs  of  the  Columbia,  Ellenburg 

formation'  at 29 

section  at 35-36 

water  prospects  near 78 

Wilburn,  J.  A.,  well  records  furnished  by..  75-76 
Willow  Springs,  stream  draining,  character 

of 41 

Wilson  Creek,  marsh  land  reclaimed  near, 

view  showing T 44 

Wind  work  in  sand  and  soil  deposition,  evi- 
dences of -.  44-49 

Windmills,  use  of,  for  lifting  water  from 

Columbia  River  for  irrigation. .        51 

Winds,  sands  and  soils  deposited  by 44-49 

transporting  power  of 48-49 

Y. 

Yakima  basalt,  analyses  of 47-48 

contraction  partings  in 33-34 

distribution  and  volume  of 29,30-31 

lithologic  character  of 32 

origin  of 31-32 

rocks  underlying SO 

Yakima  Ridge,  fold  of 39 

f ragmen tal  volcanic  rocks  in 34 

Yakima  River,  antecedent  character  of 41 

course  of 15 

gravel  deposits  along 43 

irrigation  from 51-53 

tributaries  of,  canals  from 53 

vegetation  along 21,22 
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1900.  34  pp.,  19  pis. 

WS  53.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Pt.  I,  by  I.  C.  Russell.    1901. 

86  pp.,  10  pis. 
WS  54.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Pt.  II, by  I.  C.  Russell.    1901. 

87-141  pp. 
WS  55.  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.,  by  G.  O.  Smith. 

1901.  68  pp.,  7  pis. 

WS  57.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  I,  by  N.H.  Darton.    1902.    60  pp. 
WS  59.  Development  and  application  of  water  in  southern  California,  Pt.  I,  by  J.  B.  Lippincott, 

1902.  95  pp.,  11  pis. 

WS  60.  Development  and  application  of  water  in  southern  California,  Pt.  II,  by  J.  B.  Lippin- 
cott.   1902.    96-140  pp. 
WS  61.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt,  II,  by  N.H.  Darton.    1902.   67  pp. 
WS  67.  The  motions  of  underground  waters,  by  C.  S.  Slichter.    1902.    106  pp.,  8  pis. 
B     199.  Geology  and  water  resources  of  the  Snake  River  Plains  of  Idaho,  by  I.  C.  Russell.    1902. 

192  pp.,  25  pis. 
WS   77.  Water  resources  of  Molokai,  Hawaiian  Islands,  by  W.  Lindgren.    1903.    62  pp.,  4  pis. 
WS  78.  Preliminary  report  on  artesian  basins  in  southwestern  Idaho  and  southeastern  Oregon,  1 

by  I.  C.  Russell.    1903.    53  pp.,  2  pis. 
PP    17.  Preliminary  report  on  the  geology  and  water  resources  of  Nebraska  west  of  the  one 

hundred  and  third  meridian,  by  N.  H.  Darton.    1903.    69  pp.,  43  pis. 
WS  90.  Geology  and  water  resources  of  part  of  the  lower  James  River  Valley,  South  Dakota,  by 

J.  E.  Todd  and  C.  M.  Hall.    1904.    47  pp.,  23  pis. 
WS  101.  Underground  waters  of  southern  Louisiana,  by  G.  D.  Harris;  with  discussions  of  their 

uses  for  water  supplies  and  for  rice  irrigation,  by  M.  L.  Fuller.    1904.    98  pp.,  11  pis. 
WS  102.  Contributions  to  the  hydrology  of  eastern  United  States,  1903.    M.  L.  Fuller,  geologist' 

in  charge.    1904.    522  pp. 
WS  104.  Underground  waters  of  Gila  Valley,  Arizona,  by  W.  T.  Lee.    1904.    68  pp.,  5  pis. 
WS  106.  Water  resources  of  the  Philadelphia  district,  by  Florence  Bascom.    1904.    75  pp.,  4  pis. 
WS  110.  Contributions  to  the  hydrology  of  eastern  United  States,  1904;  M.  L.  Fuller,  geologist 

in  charge.    1905.    —  pp.,  5  pis. 
PP    32.  Geology  and  underground  water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton. 
WS  HI.  Preliminary  report  on  underground  waters  of  Washington,  by  Henry  Landes.    1905. 
WS  112.  Underflow  tests  in  the  drainage  basin  of  Los  Angeles  River,  by  Eomer  Hamlin.    1905. 
WS  114.  Underground  waters  of  eastern  United  States,  by  M.  L.  Fuller  and  others.    1905. 
WS  118.  Geology  and  water  resources  of  east-central  Washington,  by  F.  C.  Calkins.    1905. 

The  following  papers  also  relate  to  this  subject;  Underground  waters  of  Arkansas  Valley  in 
eastern  Colorado,  by  G.  K.  Gilbert,  in  Seventeenth  Annual,  Pt.  II;  Preliminary  report  on  arte- 
sian waters  of  a  portion  of  the  Dakotas,  by  N.  H.  Darton,  in  Seventeenth  Annual,  Pt.  II;  Water 
resources  of  Illinois,  by  Frank  Leverett,  in  Seventeenth  Annual,  Pt.  II;  Water  resources  of 
Indiana  and  Ohio,  by  Frank  Leverett,  in  Eighteenth  Annual,  Pt.  IV;  New  developments  in 
well  boring  and  irrigation  in  eastern  .South  Dakota,  by  N.  H.  Darton,  in  Eighteenth  Annual, 
Pt.  D7;  Rock  waters  of  Ohio,  by  Edward  Orton,  in  Nineteenth  Annual,  Pt.  IV;  Artesian  well 
prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton.  Bulletin  No.  138. 

Series  P— Hydrographic  Progress  Reports. 

Progress  reports  may  be  found  in  the  following  publications:  For  1888-89,  Tenth  Annual, 
Pt.  II;  for  1889-90,  Eleventh  Annual,  Pt.  II;  for  1890-91,  Twelfth  Annual,  Pt.  II;  for  1891-92, 
Thirteenth  Annual,  Pt.  Ill;  for  1893-94,  Bulletin  No.  131;  for  1895,  Bulletin  No.  140;  for  1896, 
Eighteenth  Annual,  Pt.  IV,  WS  11;  for  1897,  Nineteenth  Annual,  Pt.  IV,  WS  15,  16;  for  1898, 
Twentieth  Annual,  Pt.  IV,  WS  27,  28;  for  1899,  Twenty-first  Annual,  Pt.  IV,  WS  35-39;  for  1900, 
Twenty-second  Annual,  Pt.  IV,  WS  47-52;  for  1901,  WS  65,  66,  75;  for  1902,  WS  82-85;  for  1903,  WS 
97-100. 

Correspondence  should  be  addressed  to 

The  Director, 

United  States  Geological  Survey, 
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LETTER  OF  TRANSMITTAL 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Washington,  D.  C,  January  16,  1905. 
Sir:  I  transmit  herewith  the  manuscript  for  an  index  to  the  hydro- 
graphic  progress  reports  of  the  United  States  Geological  Survey  issued 
during  1888  to  1903,  inclusive.  This  manuscript  has  been  prepared  by 
John  C.  Hoyt  and  B.  D.  Wood,  and  I  request  that  it  be  published  as  a 
water-supply  and  irrigation  paper. 
Very  respectfully, 

F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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INDEX  TO  THE  HYDROGRAPHIC  PROGRESS  REPORTS  OF  THE  UNITED 
STATES  GEOLOGICAL  SURVEY,  1888  TO  1903. 


By  John  C.  Hoyt  and  B.  D.  Wood. 


INTRODUCTION. 

A  systematic  study  of  the  surface  waters  of  the  United  States  was 
started  by  the  hydrographic  branch  of  the  United  States  Geological 
Survey  in  1888.  A  large  part  of  this  work  has  consisted  of  the  meas- 
urement of  the  volume  of  flow  and  of  the  study  of  conditions  affect- 
ing it.  For  each  calendar  year  there  has  been  prepared  a  Report  of 
Progress  of  Stream  Measurements,  embodying  the  data  collected  during 
that  year,  which  has  been  published  either  as  a  part  of  the  annual 
report  of  the  Director,  as  a  bulletin,  or  as  a  water-supply  and  irriga- 
tion paper,  as  shown  by  the  following  list: 

1888.  Tenth  Annual  Report,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131,  and  Sixteenth  Annual  Report,  Part  II. 

1895.  Bulletin  No.  140,  and  Seventeenth  Annual  Report,  Part  II. 

1896.  Water-Supply  Paper  No.  11;  Eighteenth  Annual  Report,  Part  IV. 

1897.  Water-Supply  Papers  Nos.  15  and  16;  Nineteenth  Annual  Report,  Part  IV, 

1898.  Water-Supply  Papers  Nos.  27  and  28;  Twentieth  Annual  Report,  Part  IV. 

1899.  Water-Supply  Papers  Nos.  35  to  39,  inclusive;  Twenty-first  Annual  Report, 
Part  IV. 

1900.  Water-Supply  Papers  Nos.  47  to  52,  inclusive;  Twenty -second  Annual  Report, 
Part  IV. 

1901.  WTater-Supply  Papers  Nos.  65,  66,  and  75. 

1902.  Water-Supply  Papers  Nos.  82  to  85,  inclusive. 

1903.  Water-Supply  Papers  Nos.  97  to  100,  inclusive. 

As  the  hydrographic  work  in  most  localities  has  continued  during 
several  years,  the  results  of  the  investigations  at  any  one  point  are 
scattered  through  a  number  of  publications,  and  the  only  guide  to 
these  data  has  been  the  individual  indexes.  With  the  growing  inter- 
est in  the  commercial  development  of  the  hydrographic  resources  of 
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the  country  the  demand  for  these  data  collected  by  the  Geological  Sur- 
vey has  rapidly  increased,  and  in  order  to  aid  those  wishing  to  use 
them  this  index  has  been  prepared.  In  its  preparation  each  publica- 
tion of  the  foregoing  list  was  carefully  reviewed,  the  data  were  classi- 
fied, and  entries  were  made  under  both  names  of  rivers  and  names  of 
places. 

As  the  work  of  the  hydrographic  branch  increased  it  became  neces- 
sary to  publish  a  special  series  of  reports  to  contain  the  data  collected, 
and  the  series  of  Water-Supply  and  Irrigation  Papers  was  therefore 
begun.     The  papers  of  this  series  have  been  classified  as  follows: 

(  I )  Irrigation. 

( J  )  Water  storage. 

(K)   Pumping  water. 

( L  )  Quality  of  water. 

(M)  General  hydrographic  investigations. 

(N)  Water  powers. 

(0)  Underground  waters. 

(P)  Hydrographic  progress  reports. 

A  certain  number  of  these  publications,  as  of  all  publications  of  the 
Geological  Survey,  are  published  for  free  distribution  by  the  Survey, 
and  a  certain  number  are  deposited  with  the  Superintendent  of  Public 
Documents,  Washington,  I).  C,  from  whom  they  may  be  purchased  at 
a  nominal  price.  Other  copies  are  allotted  to  the  various  Congress- 
men for  distribution.  As  the  edition  of  most  of  the  publications  is 
limited,  the  supply  is  soon  exhausted.  Those  who  are  interested,  how- 
ever, maybe  able  to  find  copies  on  file  in  the  public  libraries  of  most 
of  the  large  cities,  or  in  the  libraries  of  engineering  societies. 


PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY  RELATING  TO  HYDRO- 
GRAPHIC  SUBJECTS. 

To  April  1,  1905. 
Series  I — Irrigation. 

WS      2.  Irrigation  near  Phoenix,  Ariz.,  by  A.  P.  Davis.     1897.     98  pp.,  31  pis.  and 

maps. 
WS      5.  Irrigation  practice  on  the  Great  Plains,  by  E.  B.  Cowgill.     1897.     39  pp., 

11  pis. 
WS      9.  Irrigation  near  Greeley,  Colo.,  by  David  Boyd.     1897.     90  pp.,  21  pis. 
WS    10.  Irrigation  in  Mesilla  Valley,  New  Mexico,  by  F.  C.  Barker.     1898.     51  pp., 

11  pis. 
WS    13.  Irrigation  systems  in  Texas,  by  W.  F.  Hutson.     1898.     68  pp.,  10  pis. 
WS    17.  Irrigation  near  Bakersfleld,  Cab,  by  C.  E.  Grunsky.     1898.     96  pp.,  16  pis. 
WS    18.  Irrigation  near  Fresno,  Cal.,  by  C.  E.  Grunsky.     1898.     94  pp.,  14  pis. 
WS    19.  Irrigation  near  Merced,  Cal.,  by  C.  E.  Grunsky.     1899.     59  pp.,  11  pis. 
WS    23.  Water-right  problems  of  the  Bighorn  Mountains,  by  Elwood  Mead.     1899. 

62  pp.,  7  pis. 
WS    32.  Water  resources  of  Puerto  Rico,  by  H.  M.  Wilson.     1899.     48  pp.,  17  pis. 

and  maps. 
WS    43.  Conveyance  of  water  in  irrigation  canals,   flumes,  and  pipes,   by  Samuel 

Fortier.     1901.     86  pp.,  15  pis. 
WS    70.  Geology  and  water  resources  of  the  Patrick  and  Goshen  Hole  quadrangles 

in  eastern  Wyoming  and  western  Nebraska,  by  G.  I.  Adams.     1902.     50 

pp.,  11  pis. 
WS    71.  Irrigation  systems  of  Texas,  by  T.  U.  Taylor.     1902.     137  pp.,  9  pis. 
WS    74.  Water  resources  of  the  State  of  Colorado,  by  A.  L.  Fellows.     1902.     151  pp., 

14  pis. 
WS    87.  Irrigation  in  India  (second  edition),  by  H.  M.   Wilson.     1903.     238  pp., 

27  pis. 
WS    93.  Proceedings  of  first  conference  of  engineers  of  the  reclamation  service,  with 

accompanying  papers,  compiled  by  F.  H.  Newell,  chief  engineer.     1904. 

361  pp. 
WS  117.  The  lignite  of  North  Dakota  and  its  relation  to  irrigation,  by  F.  A.  Wilder. 

1905.     59  pp.,  8  pis. 
The  following  papers  also  relate  especially  to  irrigation:  Irrigation  in  India,  by 
H.  M.  Wilson,  in  Twelfth  Annual,  Pt.  II;  two  papers  on  irrigation  engineering,  by 
H.  M.  Wilson,  in  Thirteenth  Annual,  Pt.  III. 

Series  J — Water  Storage. 

WS    33.  Storage  of  water  on  Gila  River,  Arizona,  by  J.  B.  Lippincott.     19r 

pp.,  33  pis. 
WS    40.  The  Austin  dam,  by  T.  U.  Taylor.     1900.     51  pp.,  16  pis. 
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WS    45.  Water  storage  on  Cache  Creek,  California,  by  A.  E.  Chandler.     1901.     48 

pp.,  10  pis. 
WS    46.   Physical  characteristics  of  Kern  River,  California,  by  F.  II.  Olmsted,  and 

Reconnaissance  of  Yuba  River,  California,  by  Marsden  Manson.     1901, 

57  pp.,  8  pis. 
VVS    58.  Storage  of  water  on  Kings  River,  California,  by  J.  B.  Lippincott.      L902. 

100  pp.,  32  pis. 
WS    08.   Water  storage  in  the  Truckee  basin,  California-Nevada,  by  L.  II.  Taylor. 

1902.  90  pp.,  8  pis. 

WS    7::.    Water  storage  on  Salt    River,    Arizona,    by    A.    P.   Davis.     1902.     54  pp., 

25  pis. 
WS    86.  Storage  reservoirs  on  Stony  Creek,  California,  by  Burt  Cole.     1903.     62j>p., 

Hi  pis. 
WS    89.    Water  resources  of  tin-  Salinas  Valley,  ( !alifornia,  by  Homer  Hamlin.      1904. 

91  pp.,  12  pis. 
WS    93.   Proceedings  of  tirst  conference  of  engineers  of  the  reclamation  service,  with 

accompanying  papers,  compiled  by  F.  II.  Newell,  chief  engineer.     1904. 

361  pp. 
WS  1  H5.   Water  problems  of  Santa   Barbara,  California,  by  J.  B.  Lippincott.     L905. 

99  pp.,  8  pis. 
Thefollowing  paper  also  should  be  noted  under  this  heading:  Reservoirs  for  irri- 
gation, by  J.  D.  Schuyler,  in  Eighteenth  Annual,  Pt.  IV. 

Series  K      I'i  \in  \<.   Water. 

WS      1.    Pumping  water  for  irrigation,  l»\   II.  M.  Wilson.     1896.     57  pp.,  9  pis. 

WS      s.   Windmills  for  irrigation,  by  E.  C.  Murphy.     L897.     49  pp.,  8  pis. 

WS     It.    New  t<>t- of  certain  pumps  and  water  lifts  used  in  irrigation,  by  O.  P.  Hood. 

L898.     91  pp.,  1  pi. 
WS    20.    Experiments  with  windmills,  by  T.  ( >.  Perry,  1899.     97  pp.,  12  pis. 
WS    29.  Wells  and  windmills  in    Nebraska,    by  E.  11.  Barbour.      L899.      85pp.,  27 

pis. 
WS    41.  The  windmill;  its  efficiency   and  economic  use,    Pt.  I,   by  E.  ( '.  Murphy. 

1901.  "  72  pp.,   U  pis. 
WS    42.  The  windmill;  its  efficiency  and  economic  use,  Pt.  II  (continuation  of  No. 

41),  by,  !•:.('.  Murphy.      1901.     73-147  pp.,  15-16  pis. 
WS    91.   The  natural  features  and  economic  development  of  the  Sandusky,  Maumee, 

Muskingum,   and    Miami   drainage   areas   in   Ohio,   by  P>.    II.    Flynn  and 

M.  S.  Flynn.      L904.      130  pp. 
WS  117.  The  lignite  of  North  Dakota  and  its  relation  to  irrigation,  by  V.  A.  Wilder. 

1905.     59  pp.,  8  pis. 

.Series  L— Quality  of  Water. 

WS      3.  Sewage  irrigation,  by  G.  W.  Rafter.      1897.     100  pp.,  4  pis. 

WS    22.  Sewage  irrigation,  Pt.  II,  by  G.  W.  Kafter.     1899.     100  pp.,  7  pis. 

WS    72.  Sewage  pollution  in  the  metropolitan  area  near  New  York  City  and  its 

effect  on  inland  water  resources,  by  M.  0.  Leighton.     1902.     75  pp.,  8  pis. 
WS    76.  Observations  on  the  flow  of  rivers  in  the  vicinity  of  New  York  City,  by 

H.  A.  Pressey.     1903.     108  pp.,  13  pis. 
WS    79.  Normal  and  polluted  waters  in  northeastern  United  States,  by  M.O.  Leighton. 

1903.  192  pp. 

WS  103.  A  review  of  the  laws  forbidding  pollution  of  inland  waters  in  the  United 
States,  by  E.  B.  Goodell.     1904.     120  pp. 
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WS  108.  Quality  of  water  in  the   Susquehanna   River  drainage   basin,  by  M.   0. 

Leighton,  with  an  introductory  chapter  on  physiographic  features,  by 

G.  B.  Hollister.     1904.     76  pp.,  4  pis. 
WS  113.  The  disposal  of  strawboard  and  oil-well  wastes,  by  R.  L.  Sackett  and  Isaiah 

Bowman.     1905.     52  pp.,  4  pis. 

Series  M — General  Hydrographic  Investigations. 

WS    56.  Methods  of  stream  measurement.     1901.     51  pp.,  12  pis. 

WS    64.  Accuracy  of  stream  measurements,  by  E.  C.  Murphy.     1902.     99  pp.,  4  pis. 

WS    76.  Observations  on  the  flow  of  rivers  in  the  vicinity  of  New  York  City,  by 

H.  A.  Pressey.     1903.     108  pp.,  13  pis. 
WS    80.  The  relation  of  rainfall  to  run-off,  by  G.  W.  Rafter.     1903.     104  pp. 
WS    81.  California  hydrography,  by  J.  B.  Lippincott.     1903.     488  pp.,  1  pi. 
WS    88.  The  Passaic  flood  of  1902,  by  G.  B.  Hollister  and  M.  O.  Leighton.     1903. 

56  pp.,  15  pis. 
WS    91.  The  natural  features  and  economic  development  of  Sandusky,   Maumee, 

Muskingum,  and  Miami  drainage  areas  in  Ohio,  by  B.  H.  Flynn  and  M.  S. 

Flynn.     1904.     130  pp. 
WS    92.  The  Passaic  flood  of  1903,  by  M.  O.  Leighton.     1904.     48  pp.,  7  pis. 
WS    94.  Hydrographic  manual  of  the  United  States  Geological  Survey,  prepared  by 

E.  C.  Murphy,  J.  C.  Hoyt,  and  G.  B.  Hollister.     1904.     76  pp.,  3  pis. 
WS    95.  Accuracy  of  stream   measurements  (second  enlarged  edition),   by  E.   ('. 

Murphy.     1904.     169  pp.,  6  pis. 
WS    96.  Destructive  floods  in  the  United  States  in  1903,  by  E.  C.  Murphy.     1904. 

81  pp.,  13  pis. 
WS  106.   Water  resources  of  the  Philadelphia  district,  by  Florence  Bascom.     1904. 

75  pp.,  4  pis. 
WS  109.  Hydrography  of  the  Susquehanna  River  drainage  basin,  by  J.  C.  Hoyt  and 

R.  H.  Anderson.     1905.     215  pp.,  29  pis. 

Series  N — Water  Power. 

WS    24.  Water  resources  of  the  State  of  New  York,  Pt.  I,  by  G.  W.  Rafter.     1899. 

92  pp.,  13  pis. 
WS    25.   Water  resources  of  the  State  of  New  York,  Pt.  II,  by  G.  W.  Rafter.     1899. 

100-200  pp.,  12  pis. 
WS    44.  Profiles  of  rivers  in  the  United  States,  by  Henry  Gannett.     1901.     100  pp., 

1 1  pis. 
WTS    62.   Hydrography  of  the  Southern  Appalachian   Mountain  region,  Pt.   I,   by 

H.  A.  Pressey.     1902.     95  pp.,  25  pis. 
WS    63.    Hydrography  of  the  Southern  Appalachian  Mountain  region,  Pt.  II,   by 

II.  A.  Pressey.     1902.     96-190  pp.,  26-44  pis. 
WS    69.  Water  powers  of  the  State  of  Maine,  by  H.  A.  Pressey.     1902.     124  pp., 

14  pis. 
WS  105.  The  water  powers  of  Texas,  by  T.  M.  Taylor.     1904.     116  pp.,  17  pis. 
WS  107.  Water  powers  of  Alabama,  with  an  appendix  on  stream  measurements  in 

Mississippi,  by  B.  M.  Hall.     1904.     253  pp.,  9  pis. 
WS  109.  Hydrography  of  the  Susquehanna  River  drainage  basin,  by  J.  C.  Hoyt  and 

R.  H.  Anderson.     1905.     215  pp.,  29  pis. 
WS  115.  River  surveys  and  profiles  made  during  1903,  arranged  by  W.  C.  Hall  and 

J.  C.  Hoyt.     1905.     115  pp.,  4  pis. 
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Series  O — Underground  Waters. 

WS      4.  A  reconnaissance  in  southeastern  Washington,  by  I.  C.  Russell.     1897.     96 

pp.,  7  pis. 
WS      6.  Underground  waters  of  southwestern  Kansas,  by  Erasmus  Haworth.     L897. 

65  pp.,  12  pis. 
WS      7.  Seepage  waters  of  northern  Utah,  by  Samuel  Fortier.     1897.     50  pp.,  3  pis. 
WS    12.  Underground  waters  of  a  portion  of   southeastern    Nebraska,   by    N.    11. 

Darton.     1898.     56  pp.,  21  pis. 
WS    21.   Wells  of  northern  Indiana,  by  Frank  Leverett.     1899.     82  pp.,  2  pis. 
WS    26.  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank   Leverett. 

1899.     64  pp. 
WS    30.  Water  resources  of  the  Lower  Peninsula  of  .Michigan,  by  A.  C.  Lane.     1899. 

97  pp.,  7  pis. 
WS    31.  Lower  Michigan  mineral  waters;  a  study  into  the  connection  between  their 
chemical   composition   and    mode  of  occurrence,    by   A.   C.    Lane.      L899. 
97  pp.,  4  pis. 
WS    34.  Geology  and  water  resources  of  a  portion  of  southeastern  South  Dakota,  by 

J.  E.Todd.     L900.     34pp.,  L9  pis. 
WS    53.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Pt.  I,  by  I.  C. 

Russell.     1901.     86  pp.,  10  pis. 
WS    54.   Geology  and  water  resources  of   Nez  Perces  County,  Idaho,  Pt.  11,  by  I.  C. 

Russell.     1901.     87-141  pp. 
WS    55.  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.,  by 

G.  0.  Smith.     1901.     68  pp.,  7  pis. 
WS    57.  Preliminary  list  of   deep   borings  in   the   United  States,  Pt.  1  (Alabama- 
Montana),  by  N.  H.  Darton.      PHIL'.     .11)  pp. 
WS    59.  Development  and  application  of  water  near  San  Bernardino,  Colton,  and 

Riverside.  Cal.,  Pt.  I,  by  J.  P.  Lippincott.     1902.     95  pp.,  11  pin. 
WS    60.  Development  and  application  of  water  near  San    Bernardino,  Colton,  and 

Riverside,  Cal.,  Pt.  II,  by  .1.  P..  Lippincott.     1902.     96-140  pp. 
WS    61.  Preliminary  list  of  deep  borings  in  the   United  States,    Pt.   II  (Nebraska- 
Wyoming),  by  N.  II.  Darton.     L902.     67pp. 
WS    67.  The  motions  of  underground  waters,  by  C.  S.  Slichter.     1902.     106pp.,  8pls. 
B      199.  Geology  and  water  resources  of  the  Snake   River  Plains  of  Idaho,  by  I.  C. 

Russell.     L902.     192  pp.,  25  pis. 
WS    77.  The  water  resources  of  Molokai,  Hawaiian  Islands,  by  Waldemar  Lindgren. 

L903.     62  pp.,  A  pis. 
WS    78.  Preliminary  report  on  artesian  basins  in  southwestern  Idaho  and  southeastern 

Oregon,  by  I.  C.  Russell.      L903.     ">:;  pp.,  2  pis. 
PP      17.  Preliminary  report  on  the  geology  and  water  resources  of  Nebraska  west  of 
the  one  hundred  and  third  meridian,  by  N.  II.  Darton.     1903.    69pp.,43pls. 
WS    90.  Geology  and  water  resources  of  part  of  the  lower  James  River  Valley,  South 

Dakota,  by  J.  E.  Todd  and  C.  M.  I  [all.      L904.     45  pp.,  23  pis. 
WS  101.   Underground  waters  of  southern   Louisiana,  by  G.  D.  Harris;  with  discus- 
sions of  their  uses  for  water  supplies  and  for  rice  irrigation,  by  M.  L.  Fuller. 
1904.     98  pp.,  11  pis. 
WS  102.  Contributions  to  the  hydrology  of  eastern  United  States,  1903;  M.  L.  Fuller, 

geologist  in  charge.     1904.     522  pp. 
WS  104.  The  underground  waters  of  Gila  Valley,  Arizona,  by  Willis  T.  Lee.     1904. 

71  pp.,  5  pis. 
WS  106.   Water  resources  of  the  Philadelphia  district,  by  Florence  Bascom.     1904. 
75  pp.,  4  pis. 
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WS  110.  Contributions  to  the  hydrology  of  eastern  United  States,  1904;  M.  L.  Fuller, 

geologist  in  charge.     1905.     211  pp.,  5  pis. 
PP    32.  Geology  and  underground  water  resources  of  the  central  Great  Plains,  by 

N.  H.  Darton.     1905.     433  pp.,  72  pis. 
WS  111.  Preliminary  report  on  the  underground  waters  of  Washington,  by  Henry 

Landes.     1905.     85  pp.,  1  pi. 
WS  112.  Underflow  test  in  the  drainage  basin  of  Los  Angeles  River,  by  Homer  Ham- 
lin.    1905.     55  pp.,  7  pis. 
WS  114.  Underground  water  of   eastern   United  States;  M.   L.   Fuller,  geologist  in 

charge.  1905.  285  pp.,  18  pis. 
WS  118.  Geology  and  water  resources  of  a  portion  of  east  central  Washington,  by 
F.  C.  Calkins.  1905.  96  pp.,  4  pis. 
The  following  papers  also  relate  to  this  subject:  Underground  waters  of  Arkansas 
Valley  in  eastern  Colorado,  by  G.  K.  Gilbert,  in  Seventeenth  Annual,  Pt.  II;  Pre- 
liminary report  on  artesian  waters  of  a  portion  of  the  Dakotas,  by  N.  H.  Darton,  in 
Seventeenth  Annual,  Pt.  II;  Water  resources  of  Illinois,  by  Frank  Leverett,  in  Sev- 
enteenth Annual,  Pt.  II;  Water  resources  of  Indiana  and  Ohio,  by  Frank  Leverett, 
in  Eighteenth  Annual,  Pt.  IV;  New  developments  in  well  boring  and  irrigation 
in  eastern  South  Dakota,  by  N.  H.  Darton,  in  Eighteenth  Annual,  Pt.  IV;  Rock  waters 
of  Ohio,  by  Edward  Orton,  in  Nineteenth  Annual,  Pt.  IV;  Artesian  well  prospects 
in  the  Atlantic  Coastal  Plain  region,  by  N.  II.  Darton,  Bulletin  No.  138. 

Series  P — Hydrographic  Progress  Reports. 

Progress  reports  may  be  found  in  the  following  publications: 
For  1888-89,  Tenth  Annual  Report,  Pt.  III. 

1889-90,  Eleventh  Annual  Report,  Pt.  II. 

1890-91,  Twelfth  Annual  Report,  Pt.  II. 

1891-92,  Thirteenth  Annual  Report,  Pt.  III. 

1893-94,  Bulletin  No.  131. 

1895,  Bulletin  No.  140. 

1896,  Eighteenth  Annual  Report,  Pt.  IV;  Water-Supply  Paper  No.  11. 

1897,  Nineteenth  Annual  Report,  Pt.  IV;  Water-Supply  Papers  Nos.  15  and  16. 

1898,  Twentieth  Annual  Report,  Pt.  I V;  Water-Supply  Papers  Nos.  27 and  28. 

1899,  Twenty-first  Annual  Report,  Pt.  IV;  Water-Supply  Papers  Nos.  35  to  39. 

1900,  Twenty-second  Annual  Report,  Pt.  IV;  Water-Supply  Papers  Nos.  47 

to  52. 

1901,  Water-Supply  Papers  Nos.  65,  66,  and  75. 

1902,  Water-Supply  Papers  Nos.  82  to  85. 

1903,  Water-Supply  Papers  Nos.  97  to  100. 


INDEX 


A. 

Abbotts  Ferry,  Cal. 
Stanislaus  River  at: 

discharge  « WS  85,  p  159 

Abilene,  Kans. 

rainfall  data Ann  20,  iv,  pp  306,  311,  313 

Abingdon,  Va. 

South  Fork  Holston  River  near: 

discharge WS  27,  p  66 

Abiquiu,  N.  Mex. 
Chama  River  at: 

description Ann  18,  i v,  p  252; 

Bull  140,  pp  173-174;  WS  16,  p  129 

discharge Ann  11,  ii, 

p  107;  18,  iv,  p  252;  Bull  140, 
pp  173-174,  175;  WS  16,  p  129 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights Bull  140,  p  175; 

WS  11,  p65;  16,  p  129 
Abram  Creek  in— 

Potomac  River  basin: 

discharge Ann  19,  iv,  p  142 

Abrams  Creek  at— 
Chilhowee,  Tenn.: 

discharge WS  49,  p  217 

Absorption  of  water  by  soil- 
in  Little  Bear  Valley,  Cal Ann  19,  iv, 

pp  623-625 

Accuracy  of  results WS  35,  p  12 

Acknowledgments Ann  18,  iv,  pp  726-727; 

19,  iv,  pp  32-34;  20,  iv,  pp  22-24; 
21,  iv,  pp  41-45;  22,  iv,  pp  52-56; 
WS  27,  pp  7-8;  35,  pp  10-11 ;  47,  pp 
9-10;  82,  pp  10-11;  97,  pp  12-13; 
98,  pp  12-13;  99,  pp  12-14;  100 
pp  14-16 
Ada,  Mich. 

Thornapple  River  near: 

discharge WS  49,  p  246 

Adairsville,  Ga. 

Gardners  Spring  near: 

discharge WS  36,  p  148 

rainfall  data Ann  20,  iv,  pp  177,  179,  181 

Trimble  Spring  near WS  36,  p  148 

Adirondack  region,  N.  Y. 
gaging  stations  in: 

map Ann  22,  iv,  p  82 

Adobe  Creek  in— 

Arkansas  River  basin: 

discharge WS  99,  p  304 

Adrian,  Ohio. 

rainfall  data WS  75,  p  111 

Afton,  Wyo. 

Cottonwood  Creek  near: 

discharge Bull  131 ,  p  91 

Dry  Creek  near: 

discharge Bull  131,  p  91 


A  I'ton  Bridge,  Wyo. 
Swift  Creek  at: 

discharge Bull  131,  p  91 

Agricola,  Ga. 

Little  Ogeechee  River  near: 

discharge WS  98,  p  80 

Ogeechee  River  near: 

discharge WS  98,  p  80 

Agricultural  College,  Mich. 
Red  Cedar  River  at: 

description WS  83,  pp  283-284; 

97,  pp  452-453 

discharge WS  83,  p  284;  97,  p  453 

discharge,  daily WS  97,  pp  455-456 

discharge,  monthly WS  97,  p  457 

gage  heights WS  83,  p  284;  97,  p  453 

rating  table WS  97,  pp  454-455 

Agua  Fria  basin,  Ariz.: 

description Ann  12,  ii,  p  315 

Agua  Fria  dam,  Ariz.: 

description Ann  is,  iv,  pp  695-698 

Ainsworth,  Nebr. 
Bone  Creek  at: 

discharge Ann  20,  iv,  p  29S 

Aitkin,  Minn. 

Mississippi  River  near: 

discharge Ann  22,  iv,  p  219 

Alabama: 

water  powers WS  107,  pp  1-253 

Alabama  River,  Ala.: 

description Ann  21,  iv,  p  152 

near  Montgomery: 

description WS  36,  pp  153-154;  48, 

p  168;  65,  p  281;  83,  pp 
133-134;  98,  pp  134-135 

discharge WS  48,  p  168 

gage  heights WS  36,  p  154;  48,  p  169; 

65,  p  282;  83,  p  134;  98,  p  135 
near  Selma: 

description WS  36,  p  155;  48,  p  169; 

65.  p  282;  83,  p  131;  98,  pp  131-132 

discharge WS  48,  p  169; 

65,  p  282;  98,  p  132 

discharge,  monthly WS  75,  p  92; 

83,  p  133;  98,  p  134 

gage  heights WS  36,  p  155;  48,  p  170; 

65,  p  282;  83,  p  131;  98,  p  132 

hydrograph WS  75,  p  94 

rating  tables WS  65,  p  323;  83, 

p  132;  98,  p  133 
Alabama  River  basin: 

hydrographic  data WS  107,  pp.  131-166 

Alaculsy,  Ga. 

Conasauga  River  near: 

discharge WS  49,  p  209 


n  Discharge  =  current-meter  measurements. 
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Alaculsy,  Ga.— Continued. 
Jacks  River  near: 

discharge WS  49,  p  209 

Sheets  Creek  near: 

discharge WS  49,  p  209 

Alamites,  Cal. 

San  Gabriel  River  near: 

discharge WS  100,  p  350 

Alamo,  Wyo. 

Bighorn  River  near: 

discharge Ann  13,  iii,  p  70;  19,  iv,  293 

Alamosa,  Colo. 

Rio  Grande  near: 

description..  Bull  131, p 43;  140, pp  170-171 

discharge Bull  131,  p  91; 

140,  p  171;  WS  99,  p  402 

gage  heights Bull  140;  p  171 

Albany,  Ga. 

Flint  River  near: 

description WS  27,  p  47;  36, 

p  138;  48,  pp  156-157;  65,  p  266; 
83,  pp  114-115;   98,  pp  105-107 

discharge WS  65,  p  266; 

83,  p  115;  98,  p  107 
discharge,  monthly.  WS83,pll7;  98,  p  108 

gage  heights WS  J7,  pp  49,50;  36, 

pl39;  48,  p  157;  65,  p  267; 
83,  pp  115-116;  98,  p  107 

rating  tables WS  83,  p  116;  98,  p  108 

Kinchafoonee  Creek  near: 

description WS  98,  p  109 

discharge....  WS  83,  pp  127,  128;  98,  p  109 

discharge,  monthly WS  98,  p  111 

gage  heights WS  98,  pp  109-110 

ratingtable WS  98:  p  110 

Muckalee  Creek  near: 

description WS  98,  pill 

discharge  ....  WS  83,  pp  127, 128;  98, p  112 

discharge,  monthly WS  98,  p  113 

gageheights WS98,  p  112 

ratingtable WS  98,  p  113 

Albion,  Kans. 

Chikaskia  River  near: 

discharge Bull  140,  p  164 

Albion,  Mich. 

Kalamazoo  River  near: 

discharge WS  97,  p  458 

Torrey  Springs  near: 

discharge WS  97,  p  459 

Albion,  Nebr. 

Beaver  Creek  near: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  298;  WS  27,  p  88;  66,  p  43 
Albuquerque,  N.  Mex. 

rainfall  data Ann  20,  iv,  pp  356, 357, 359 

Rio  Grande  Valley  near: 

irrigation  in Bull  140,  pp  180-186 

Albuquerque  district,  N.  Mex. 

description Ann  12,  ii,  pp  270-273 

Alcovy  River  near— 

Bramlett  shoals,  Ga.: 

discharge WS  49,  p  207 

Covington,  Ga.: 

description WS  65,  p  260; 

75,  p  69;  83,  p  111;  98,  pp  99-100 

discharge WS  65,  p  260; 

83,  p  111;  98,  p  100 


Alcovy  River  near— Continued. 
Covington,  Ga.— Continued. 

discharge,  monthly WS  75,  p  75; 

83,  p  113;  98,  p.  102 

gage  heights WS  65,  p  261; 

83,  p  112;  98,  pp  100-101 

rating  tables WS  83,  p  112;  98,  p  101 

Alderson,  W.  Va. 

Greenbrier  River  near: 

description Ann  18,  iv,  p  111; 

Bull  140,  pp  77-78;  WS  15,  p  58; 
27,  p  59;  36,  p  163;  48,  p  178;  65, 
p  290;   83,  p  188:  98.  pp  248-249 

discharge Ann  18,  iv,  p  111; 

Bull  140,  p  78;  WS  15,  p  58;  27, 
p  65;  36,  p  163;  48,  pp  178-179; 
<;.">.  p  290;  83,  p  188;  98,  p  249 

discharge,  monthly Ann  18,  iv,  p  113; 

19,  iv,  p  254;  20,  iv,  pp  202, 
204;  21,  iv,  p  159;  22,  iv,  p 
221;  WS  75,  p  100;    83,  p  190 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights Bull  140,  p  78; 

WS  11,  p  41;  15,  p  58;  27,  p 
61;  36,  pl64;  48,  p  179;  65,  p 
■2'M;    83,  p  189;  98,  pp  249-250 

hydrographs Ann  19,  iv,  p254; 

20,  iv,  p  204;  21,  iv,  p  159;  22,  iv,  p  221 

rainfall  and  run-off  relation Ann  20, 

iv,  p  202 

rating  tables Ann  18,  iv,  p  112; 

19,  iv,  p  253;  WS  39,  p  445; 
52,  p  515;  65,  p  323;  H3,  p  189 
Alder  Creek,  Cal.— 

in  Merced  River  basin: 

discharge WS  100,  p  307 

near  Floriston: 

discharge WS51,  p  405 

Alexander  city.  Ala. 
Hillabee  Creek  near: 

description WS  48,  p  172; 

65,  p  271;  83,  pp  139-140;  98,  p  139 

discharge ws  48,  p  172; 

65,  p271;  83,  p  140;  98,  p  140 

discharge,  monthly WS  75,  p  82; 

83,  p  141;  98,  p  141 

gage  heights WS  48,  p  173; 

65,  p  272;  83,  p  140;  98,  p  140 

rating  tables WS  65,  p  322; 

83,  p  141;  98,  p  141 
Alexander,  N.  C. 

French  Broad  River  near: 

discharge ws  49,  p211 

Alice,  Ga. 

Town  Creek  near: 

discharge WS  49,  p  208 

Aliso  reservoir  site,  Cal. 

description Ann  22,  iv,  p  500 

map Ann  22,  iv,  p  501 

Alkali,  effect  of,  on  irrigation Ann  13,  iii, 

pp  127-130 
Allegan,  Mich. 

Kalamazoo  River  near: 

description WS  83,  pp 267-268; 

97,  pp  457-459 
discharge WS  97,  p  458 
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Allegan,  Mich.— Continued. 

Kalamazoo  River  near— Continued. 

discharge,  daily WS  83,  pp  269-270; 

97,  p  4"9 

discharge,  flood  . WS  83,  pp  268-269 

discharge,  monthly WS  83,  p  271; 

97,  p  460 
Allegheny  River: 

description Ann  21,  iv,  p  155; 

WS  36,  pp  157-158 

floods  of WS  36,  pp  157-158 

near  Redhouse,  N.  Y.: 

description WS  98,  pp  240-241 

discharge WS  98,  p  241 

gage  heights WS  98,  p  241 

Allegheny  River  basin: 

description Ann  20,  iv,  pp  195-197; 

WS  98,  p  240 
Allen  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  170 

Allentown,  Ga.,  rainfall  data...  WS  75,  pp  72,  73 
Allentown,  Tenn. 
Doe  River  near: 

discharge.  WS  49,  p  216 

Laurel  Fork  of  Doe  River  near: 

discharge WS  49,  p  216 

Little  Doe  River  near: 

discharge WS  49,  p  216 

Allenwood,  Pa. 

West  Branch  Susquehanna  River  near: 

description WS  35,  pp  78-79; 

48,  pill;  65,  p  225;  82,  p  159 

discharge WS  35,  p  79; 

4 8,  p  111;  65,  p225;  82,  p  159 

discharge,  monthly Ann  21,  iv,  p  90; 

22,  iv,  p  127 

gage  heights WS  35,  p  78; 

48,  p  112;  65,  p  226;  82,  p  160 

hydrographs Ann  21,  iv,  p  90; 

22,  iv,  p  127 

rating  table '.  WS  39,  p  442;  52,  p  511 

Allerdice,  Mont. 

Red  Rock  Creek  near: 

discharge Ann  11,  ii,  p  107 

Alliance,  Nebr. 

rainfall  data Ann  20,  iv,  pp  257, 260, 265 

Alliance,  Ohio. 

Mahoning  River  near: 

discharge Ann  20,  iv,  p  198 

Alligator  Creek  near- 
Lumber  City,  Ga.: 

discharge WS  83,  p  113 

Alma,  Ariz. 

Blue  River  near: 

discharge Ann  21,  iv  p  339 

rainfall  data Ann  21,  iv,  p  339 

Alma,  Colo. 

rainfall  data Ann  20,  iv,  pp  257, 259, 265 

Almon,  Ga. 

Yellow  River  near: 

description Ann  19,  iv, 

p229;  21,iv,pl37;  WS  15, 
p  43;  27,  pp  31-32;  36,  pp 
134-135;  48,  p  153;  66, p  261 

discharge Ann  18,  iv,  p  80; 

15,  p  43;  36,  p  135;  48,  p 
153;  65,  p  261;  98,  p  103 


Almon,  Ga.— Continued. 

Yellow  River  near— Continued. 

discharge,  monthly Ann  19,  iv,  p  230; 

21,  iv,  p  137;  22,  iv,  p 
165:  WS  75,  pp  69,  74 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  15,  p  43; 

36,  p  135;  48,  p  154;  65,  p  262 

hydrographs Ann  21,  iv,  p  138; 

22,  iv,  p  165 

rating  tables Ann  19,  iv,  p  229; 

WS  39,  p  444;  52,  p  513;  65,  p  321 
Almond,  N.  C. 

Nantahala  River  near: 

discharge Bull  140,  p  82 

Almon t,  Colo. 

East  Creek  near: 

discharge WS  100,  p  94 

Spring  Creek  near: 

discharge WS  100,  p  95 

Alpena,  Mich. 

Thunder  Bay  River  near: 

description WS  83,  pp  289-290; 

97,  pp  436-437 

discharge WS  83,  p  290 

discharge,  daily WS  83,  pp  291-292; 

97,  p  437 

discharge,  low- water WS  83,  p  296 

discharge,  monthly WS  83,  p  293; 

97,  p.  438 

rainfall  data WS  83,  p  295;  97.  p  438 

Alpine  reservoir,  Cal. 

description Ann  18,  iv,  pp  711-715 

Alston,  S.  C. 

Broad  River  (of  the  Carolinas)  near: 

description Ann  18,  iv,  p  67; 

WS  15,  p  37;  27,  p  28;  36,  p  125;  48, 
p  146;  65,  p  250;  83,  p  82;  98,  p  48 

discharge Ann  18,  iv,  p  68; 

WS  15,  p  37;  27,  p  44;  36,  p  125;  48, 
p  146;  65,  p  250;  83,  p  82;  98,  p  48 

discharge,  monthly Ann  20,  iv,  p  151; 

21,  iv,  p  128;   22,  iv,  p  158; 
WS  75,  p  60;  83,  p  84;  98,  p  51. 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  18;  15,  p  37;  27, 

p  39;  36,  p  125;  48,  p  147; 
65,  p  250;  83,  p83;  98,  p49 

hydrographs Ann  20,  iv,  p  162;  21,  iv, 

p  128;  22,  iv,  p  158;  WS  75,  p  60 
rating  tables. . . .  WS  27,  p  45;  39,  p  444;  52, 
p  512;  65,  p  320;  83,  p  83;  98,  p  50 
Altamaha  River,  Ga.— 

description Ann  19,  iv,  p  21 7 

near  Milledgeville: 

discharge Ann  18,  iv,  pp  77-78 

near  Oberry  Bar: 

discharge Ann  20,  iv,  p  169 

near  Town  Bluff: 

discharge Ann  20,  iv,  I »  1 69 

Altamaha  River  basin: 

description Ann  18,  iv,  pp  77-78;  20,  iv, 

p  166;  WS  83,  p  96;  98,  pp  80-81 

discharge,  miscellaneous WS  65,  p  263 

water  powers Ann  20,  iv,  pp  166-169 

Altitude,  effect  of,  on  rainfall.  Bull  140,  pp  327-330 
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Alturas,  Cal. 

rainfall  data WS  66,  p  168,  169 

Alvord,  Cal. 

Sanger  canal  near: 

description WS  100,  pp  219-220 

discharge WS  100,  p  220 

gage  heights WS  100,  p  220 

Amagusa  Creek  in — 

Santa  Ynez  River  basin,  Cal.,  at  mouth: 

discharge WS  100,  p  346 

American  Falls,  Idaho 

rainfall  data Ann  20,  iv,  pp  470,  471,  471 

American  Fork,  Mont.,  at — 
Bigtimber  road: 

discharge...  Ann  11,  ii,  p  107;  13,  iii,  p  61 
American  Fork,  Utah,  American  Fork  near.    See 

American  Fork  River. 
American  Fork  canals,  Utah. 

data  regarding WS  52,  pp  504-505 

duty  of  water WS  52,  p  505 

American  Fork  River,  Utah, 
in  canyon: 

discharge,  monthly Ann  11,  ii,  p  104; 

near  American  Fork: 

description Ann  20,  iv,  p  469; 

WS51,  p  1 17-4 is;  66,  p  124;  100,  p  139 

discharge WS  51,  p  418; 

66,  p  L24;  LOO,  p  l  10 

discharge,  monthly Ann  13,  iii,  p  96; 

20,  iv.  p  469;  WS75,  p  195 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p61 

gage  heights WS  51,  p  419; 

66,  p  124;  LOO,  p  1  10 

rating  table WS  66,  p  176 

12,  ii,  p361 
near  mouth  of  canyon: 

hydrograph Ann  12,  ii,  p  338 

American  Irrigation  Engineering,  by  Her- 
bert M.  Wilson.  Ann  13,  iii,  pp  L01-349 
American  River,  Cal. 

discharge,  low  water. . .   WS39,p432;  51,  p  480 
near  Folsom: 

discharge,  low  water...   Ann  22,  iv,  p495; 
WS  28,  p  193 
American   River  and  forks,  Cal. 

discharge,  low  water Ann  20,  iv,  p525 

North  Fork: 

discharge WS  85,  p  L58 

North  and  Middle  Forks: 

discharge,  low  water. . .  Ann  22,  iv,  p  495; 
WS  28,  p  193 
Middle  Fork: 

discharge WS  85,  p  158 

South  Fork: 

discharge,  low  water...  Ann  22,  Iv,  p  495 
discharge,  miscellaneous...  WS  85,  p  l's 
near  Mosquito  bar,  Cal.: 

discharge WS  66,  p  167 

near  Riverton,  Cal.: 

discharge "WS  66,  p  167 

South  Fork  (Silver  Creek): 

discharge WS  66,  p  167 

South  Fork  of  main  forks: 

discharge WS  66,  p  167 

Amicalola  Creek,  Ga. 
at  mouth: 

discharge Ann  19,  iv,  p  25 


Amicalola  Creek,  Ga.— Continued, 
in  Etowah  River  basin: 

discharge WS  49,  p  208 

near  Heards  Mill,  Hollensheds  Bridge: 

discharge WS  27,  p  45 

near  Hills  Ford: 

discharge WS  27,  p  15 

See  also  Big  Amicalola;  Little  Amicalola. 
Amity,  Colo. 

Arkansas  River  near: 

discharge WS  99,  p  310 

Amity  Canal  in— 

Arkansas  River  basin: 

discharge ws  99,  p  304 

Amity  Canal  head  gate, 
Arkansas  River  at: 

description WS  28,  p  109; 

37,  p  263;  50,  p  329;  66,  p  53 

discharge WS  37,  p  263;  66,  p  53 

discharge,  monthly WS  66,  p  54 

gage  heights WS  28,  p  114;  37,  p  264 

rating  tables WS  28,  p  117 

Ammonoosuc  River  near— 
Bretton  Woods,  N.  H.: 

description ws  97,  pp  89-90 

discharge ws  97,  p  90 

gage  heights ws  97,  p  90 

Analyses  of  waters  of    Indiana  and 

Ohio Ann  18,  iv,  pp  495-501 

Anardarko,  <  >kla. 
Washita  River  at: 

description ws  84,  p  139;  99,  p315 

discharge WS  84,  p  139;  99,  p  315 

gage  heights WS  84,  p  140;  99,  p.  316 

Anderson,  S.  C. 

rainfall  data Ann  20,  iv,  pp  158, 159, 161 

Anderson  Creek,  Ga.,  in— 

Coosa uat tee  River  drainage  basin: 

discharge WS  49,  p  209 

Androscoggin  River  near— 
Dixfield,  Me.: 

description ws  82,  p  41;  97,  p  64 

discharge WS82,  p41;  97,  p  64 

discharge,  monthly ws  97,  p  66 

gage  heights ws  82,  p  41;  97,  p  65 

rating  table WS  97,  p  65 

Errol  Dam,  N.  H.: 

description WS  82,  pp  41-42;  97.  p  60 

Gorham,  N.  H.: 

description WS  97,  p  60 

discharge,  daily ws  97,  p  60 

Rum  ford  Falls,  Me.: 

description  .  Ann  20,  iv,  p  66;  WS  27,  p  9; 
35,  p  27;  47,  pp  31-32;  65,  p 
20;  82,  p  42;  97,  pp  62-63 

discharge,  daily Ann  20,  iv,  pp  67-69; 

WS  27,  pp  14-16;  35,  p  28;  47, 
p  32;  65,  p  21;  82,  p  43;  97,  p  63 
discharge,  monthly. .  Ann  19,  iv,  pp 93-94; 
20,  iv,  p  70;  21,  iv,  p  57;  22, 
iv,  p  60;  WS  75,  p  22;  82,  p  43 

discharge,  yearly Ann  20,  iv,  pp  46, 71 

hydrographs Ann  19,  iv,  pp  94,  95; 

20,  iv,   p  67;  21,  iv,  57;  22,  iv,  p  61 

rainfall  and  run-off  relation Ann  19, 

iv,  pp  96-97 
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Androscoggin  River  near — Continued. 
Rumford  Falls,  Me.— Continued. 

rainfall  data Ann  21 ,  iv,  p  67 

water  powers Ann  19,  iv,  pp  90-91 

Shelburne,  N.  H.: 

description WS  97,  p  61 

discharge WS  97,  p  61 

gage  heights WS  97,  p  62 

Androscoggin  River  basin: 

description Ann  19,  iv,  pp  84-86; 

21,  iv,  p  56;  22,  iv,  pp  59-60; 
WS  82,  pp  40-41;     97,  p   59 

drainage  areas Ann  19,  i  v,  p  85 

elevations Ann  20,  iv,  pp  85-86 

hydrographic  data,  additional, 

see  WS  63,  pp.  147-158 

maps Ann  19,  iv,  p  84;  21,  iv,  p  56 

water  powers Ann  19,  iv,  pp  87-91 

Angelina  River,  Tex.: 

discharge WS  84,  p  142 

Angola,  Ohio. 

rainfall  data WS  75,  p  111 

Animas  River  near— 
Durango,  Colo.: 

description Ann  18,  iv,  pp  283-284; 

Bull  140,  pp  198-199;  WS  16,  p  146; 
28,  p  132;  38,  p  310;  50,  p  383:  66, 
p  97;    85,  pp  35-36;    100,  pp  51-52 

discharge Ann  18,  iv,  p  284; 

Bull  140,  p  199;  WS  16,  p  146; 
28,  p  142;  38,  p  310;  50,  p  383; 
66,  p  97;    85,  p  36;    100,  p   52 

discharge,  monthly Ann  18,  iv,  p  285; 

19,  iv,  p 414;  20,  iv,  pp  379,403;  21,iv,p 
301;  22,  iv,  p  394;  WS  85,  p.  37;  100,  p  54 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights ....  Bull  140,  p  200;  WS  11,  p 
72;  16,  p  146;  28,  pl39;  38,  p  311;  50, 
p  384;  66,  p  97;  85,  p  36;  100,  p  53 

hydrographs Ann  18,  iv,  p  285;  19,  iv, 

p  415;  20,  iv,  p  403;  21, 
iv,  p  301;  22,  iv,  p  394 

rainfall  and  run-off  relation Ann  20, 

iv,  p  379 

rating  tables..  Ann  18,  iv,  p  284;  19,  iv,  p 

414;  Bull  140,  p  199;  WS  28,  p  115;  39,  p 

452;  52,  p  520;  66,  p  174;  85,  p  37;  100,  p  53 

Howardsville,  Colo.: 

discharge WS  100,  p  64 

Silverton,  Colo.: 

description WS  100,  p  54 

discharge WS  100,  p  55 

discharge,  monthly WS  100,  p  56 

gage  heights WS  100,  p  55 

rating  table WS  100,  p  55 

Annapolis,  Md. 

rainfall  data Ann  20,  iv,  pp  112, 113, 114 

Ann  Arbor,  Mich. 

Huron  River  at  Geddes  dam  near: 

discharge WS  49,  p  251 

Annistown,  Ga. 

Yellow  River  near: 

discharge WS  49,  p  207 

Ansley,  Nebr. 

rainfall  data Ann  20,  iv,  pp  257, 260, 265 

Antelope  Creek,  Nebr. 

discharge Ann  20,  iv,  p  298 

ier  119—05 2 


Antelope  Valley  ditches  in— 
California: 

discharge WS  100,  pp  240-241 

Antero  reservoir  site,  Colo. 

description Ann  18,  iv,  p  726 

Anthracite,  Colo. 
Slate  River  near: 

discharge WS  100,  p 

Antietam  Creek,  Md. 

description Ann  21,  iv,  p  95 

near  Sharpsburg: 

description Ann  19,  iv,  pp  148-149; 

WS  15,  p  16;  27,  p  10;  35, 
p  86;  48,  p  117;  65,  p  230; 
82,  pp  170;  97,  pp  318-319 

discharge Ann  19,  iv,  pp  148-149; 

WS  15,  p  16;  27,  p  23;  35, 
p  86;  48,  p  117;  65,  p 
230;  82,   p  170;  97,  p  319 

discharge,  monthly Ann  19,  iv,  p  149; 

20,  iv,  pp  120,  122;  21,  iv, 
p95;  22,  iv,pl34;  WS75, 
p  36;  82,  p  172;   97,  p  320 

discharge,  yearly Ann  20,  iv,  p  49; 

gage  heights WS  15,  pl6; 

27,pl9;  35,  p  86;  48,  p  118; 
65,  p  231;  82,  p  171;  97,  p  319 

hydrographs Ann  19,  iv,  p  150; 

20,  iv,  p  120;  21,  iv,  p  95;  22,  iv,  p  134 

rating  tables Ann  19,  iv,pl49; 

WS  27,  p  24;  39,  p  442:  12,  p  511; 
65,  p  318:  82,  p  171;  97,  p320 
near  Stonebreakers  Mills: 

discharge WS  27,  p  24 

rainfall  and  run-off  relation.  Ann  20,  iv,  p  121 
Antonito,  Colo. 

San  Antonio  River  near: 

discharge WS  50,  p  3 18 

Apalachee  River  near— 
Buckhead,  Ga.: 

description WS  65,  p  258; 

83.  p  104;  98,  pp  90-91 

discharge WS  65,  p  259; 

83,  p  104;  98,  p  91 

discharge,  monthly WS  75,  pp  66, 

74;  83,  p  106;  98,  p  92 

gage  heights WS  65,  p  259; 

83,  p  105;  98,  p  91 

rating  tables WS  65,  p321; 

83,  p  106;  98,  p  92 
Dacula,  Ga.: 

discharge WS  49,  p  207 

Apalachicola  basin: 

description Ann  18,  iv,  pp  84-85; 

WS  83,  p  114;  98,  pp  104-105 

map WS  75,  p  77 

Apishapa  River  in— 

Arkansas  River  basin: 

discharge WS  99,  pp  c01-S05 

Appalachian  Mountains,  Southern: 

map  of Ann  22,  iv,  PI,  pp  172-173 

Appalachian  Park,  Southern.    See  Southern  Ap- 
palachian Park. 
Appalachian  region,  Southern: 

drainage  and  gaging  stations,  map. .  Ann  22, 

iv,  Pl,pp  170-171 

hydrographic  data WS  62;  63 
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Appomattox  River  near— 
Mattoax,  Va.: 

description WS  is.  p  126; 

65,  p  238;  82,  p  193;  97,  p  325 

discharge WS  48,  p  126; 

65,  p  238;  82,  p  193;  97.  p  325 

discharge,  monthly  ....  WS  75,  pp  14,  19; 

82,  p  195;  97,  p  327 

gage  heights WS  48,  p  127; 

65,  p239;  82,  p  194;  97,  p  326 

rating  tables WS  65,  p  319; 

82,  p  195;  97;  p  327 
run-off  and  rainfall  compared.  WS75,p50 
Aquone,  N.  C. 

Nantahala  River  at: 

discharge Bull  140,  p82 

Arapahoe',  Nebr. 

Muddy  Creek  near: 

discharge ws  50,  p  311 

Ararat  River: 

in  Yadkin  River  basin,  X.  ('.: 

discharge ws  49,  p  20 1 

near  Mount  Airy,  N.  C: 

discharge WS98,  p  38 

Arboles,  Colo. 

Piedra  River  near: 

description Ann  18,  iv,  pp  281- 

282;  19,iv,p  111;  Bull  L40,pl97; 
ws  16,  p  1 15;  28,  p  131;  38,  p  308 

discharge Ann  18,  ft  .  p  28  !; 

I'.i.iv.p  ill:  20,iv.p  HO; 
Bull  140, p  197;  WS  L6,p 
L45;   28,  p    142;    38,  p  308 

discharge,  monthly Annl8,iv,p  283; 

19,  iv,  p   413;    20,    Lv,  p   102; 
21,  iv,p  298;  Bull  140,  p   198 

discharge,  yearly Ann  20,  iv,p58 

gage  heights Bull  L40,p  198;  WS  11, 

p  71;  16, p  145;  28,pl39;  38, p  309 

hydrographs Ann  I8,iv,p283;  1'.'.  iv, 

P  413;  20iv,p  402;  21,  iv   p  299 

rating  tables Ann  18,  iv,p  282;  19,  iv, 

p  112;    Bull  1  10,  p  197: 
WS  28.  p  145;  39,  p  452 
San  Juan  River  near; 

description Ann  18,  iv,  pp  279-280; 

Bull  140,  p   195;  WS  16, 
1'  111;  28,  p  131;  lis,  p  307 

discharge Ann  Is.  i\.  p  280; 

20,    iv.   p    mi:    Bull   1  10,   p   L95: 
WS  lti.  p  1  14;  28,  |>  1  12;  38,  p307 

discharge,  monthly Ann  is,  iv.  p281; 

1'.',  iv,  p  410:  20,  iv.  p  tOl; 
21,iv,p297;  Bull  1  in.  p  L96 

discharge,  yearly Ann  20,  iv,  p  58; 

gage  heights Bull  140, 

p  196;  WS  11,  p  71:  If,; 
p  144;  28,  p  138;  38,  p  308 

hydrograph Ann  18,  iv,  pp  281 ; 

19,  iv,  p  410;  20,  iv,  p  401;  21,  iv,  p  298 

rating  tables Ann  18,  iv,  p  280; 

19,  iv,  p  409;  Bull  140,  p  196; 
WS   28,    p    145;    39,    p    451 
Arcadia,  Nebr. 

Middle  Loup  River  near: 

discharge WS  39,  p  439 


Archer  Creek  in— 

James  River  basin,  Va.: 

discharge Ann  19,  iv,  p  170 

Arickaree  Creek  near— 
Haigler,  Nebr.: 

discharge Ann  18,  iv,  p  105 

Arickaree  Fork  Republican  River  near— 
Haigler,  Nebr.: 

discharge  . .  Ann  is,  iv,  p  206;  20,  iv,  p  238 
Arid  regions 

description Ann  22,  iv,  pp  28-37 

hydrography  of,  by  F.  H.  Newell Ann  12, 

ii,  pp  213-361 

irrigation  surveys  of Ann  10,  ii,  pp  38-57; 

13,  iii,  pp  7-99 
statement  concerning,  before 

Committee  on   Irrigation   of  House  of 

Representatives. by. I. YY.  Powell.  203-289 

Arid,  semiarid,  and  humid  regions,  map...  Ann 

22.  iv,  pp  29,  30 

Arizona: 

masonry  dams  in,  described  and  figured 

Ann  is,  iv,  pp  695-698 

reservoir  projects  in Ann  18,  iv, pp 715-723, 

739-740 
Arizona  canal.  Ariz.: 

engineering  features Ann  13, iii, pp  175-179 

near  Phoenix,  Ariz.: 

discharge Ann  21,  iv,  pp  381,  382 

Arizona  dam,  Ariz. 

description  .' Bull  131,  pp  19  50 

salt  River  at: 

discharge,  monthly Ann  11,  ii,  p  LOO; 

12,  ii,  pp313,  360 

discharge,  yearly Ann  20,  iv,  p  59 

Arkalon,  Kans. 

Cimarron  River  near: 

description Ann  18,  iv,  p  243; 

Bull  1  10,  p  166;  WS  99,  p  247 

discharge Ann  is,  iv,  p  243;  Bull  140, 

p  167;  WS99,  p  217 

discharge,  monthly Ann  18,  iv,  p  244; 

Bull  1 40,  p  1 67 

gage  heights Bull  mo,  p  167;  WS11, 

p.  HI;  99,  p247 

rating  table Ann  18,  iv,  p  21 1 

Arkansas  City,  Kans. 

Arkansas  River  near: 

description ws  si,  p  1 L9;  99,  p  2C3 

discharge WS84,  p  119;  99,  p  264 

discharge,  monthly ws  99,  p  265 

heights WS81.  p  120;  99,  p264 

rating  table ws  99.  p  265 

Walnut  River  near: 

description ws  84,  p  119;  99,  p  261 

discharge WS81.  p  119;  99,  p  261 

discharge,  monthly WS  99,  p  263 

gage  heights WSSI,  p  119;  99,  p  262 

rating  table WS  99,  p  262 

Arkansas  Junction,  Colo. 

Lake  Fork  Arkansas  River  at: 

discharge ws  99,  p  311 

gage  heights WS  99,  p  312 

Arkansas  River: 

description.  WS  37,  pp  255-256;  50,  pp  319-320 
drainage  areas Bull  140,  p  154 
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Arkansas  River— Continued, 
near  Amity,  Colo.: 

discharge WS  99,  p  310 

near  Amity  Canal  head  gate,  Colo.: 

description WS  28,  p  109;  37,  p  263; 

50,  p  329;  66,  p  53 

discharge WS  37,  p  263;  66,  p  53 

discharge,  monthly WS  66,  p  54 

gage  heights WS  28,  p  114;  37,  p  264 

rating  tables WS  28,  p  117 

near  Arkansas  City,  Kans.: 

description WS  84,  p  119;  99,  p  263 

discharge WS  84,  p  119;  99,  p  264 

discharge,  monthly WS  99,  p  265 

gage  heights WS  84,  p  120;  99,  p  264 

rating  table WS  99,  p  265 

near  Barton,  Colo.: 

description WS  66,  pp  54-55;  84,  p  125 

discharge WS  66,  p  55 

gage  heights WS  66,  p  55;  84,  p  126 

near  Byron,  Colo.: 

description Bull  131,  pp  39-40 

discharge WS  99,  pp  305-306 

gage  heights Bull  131,  p  40 

near  Caddoa  bridge,  Colo.: 

discharge WS  99,  p  305 

near  Canyon,  Colo.: 

description Ann  II,  ii,  pp  17- 18; 

18,  iv,  p  225;  Bull  131,  pp  35-36;  140, 
p  156;  WS  16,  p  119;  28,  p  107;  37, 
pp  258-259;  50,  pp  323-324;  66,  pp 
18  49;  84,  pp  133-134;  99,  pp  297-298 

discharge Ann  14,  ii,  p  107; 

18,  iv,  p  226;  Bull  131,  p  90,  91,  92;  140, 
p  157;  WS  16,  p  119;  28,  p  116;  37,  p  259; 
50,  p  324;  66,  p  49;  84,  p  135;  99,  p  299 

discharge,  monthly Ann  11,  ii,  pp48, 

97;  12,  ii,  pp  349,  360;  13,  iii,  p 
94;  14,  ii,  pp  108-109;  18,  iv,  p 
227;  19,  iv,  p  356;  20,  iv,  pp  329, 
331-335;  21,  iv,  p  231;  22,  iv,  p  341; 
WS  75,  p  145;  84,  p  136;  99,  p  301 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  56; 

gage  heights Bull  131 ,  pp  36-37; 

140,  p  157;  WS  11,  p  60;  16,  p 
119;  28,  p  110;  37,  p  259;  50, 
p  324;  66.  p  49;  84,  p  135;  99,  p  299 

hydrographs Ann  12,  ii,  p  242; 

14,   ii,  p  107;  19,  iv,   p  357:  20,  iv, 
p  336;   21,   iv,   p  231;  22,   iv,  p  341 

rainfall  and  run-off  relation Ann  20, 

iv.  p  330 

rating  tables Ann  18,  iv,  p  226';  10.  iv, 

p  355;  Bull  131,  p  36;  WS  28, 
p  117;  39,  p  450;  52,  p  518; 
66,  p  172;  84,  p  135;  99,  p  300 
near  Colorado  and  Kansas  dam: 

discharge WS  99,  p  311 

near  Coolidge,  Kans.: 

description WS  99,  p  272 

discharge WS  99,  p  273 

discharge,  monthly WS  99,  p  274 

gage  heights WS  99,  pp  272-273 

rating  table WS  99,  pp  273-274 


Arkansas  River— Continued, 
near  Dodge,  Kans.: 

description WS  84,  p  123;  99,  p  268 

discharge WS  84,  p  123;  99,  p  268 

gage  heights.  WS  84,  p  123;  99,  pp  268-269 
near  Granada,  Colo.: 

description WS  28,  p  109;  37,  p  264; 

50,  p  329;  66,  p  54;  99,  pp  274-275 

discharge WS  99,  pp  275,  310 

discharge,  monthly WS  99,  p  276 

gage  heights WS  28,  p  114;  37,  p  264; 

50,  p  329;  66,  p  54;  99,  p  275 

rating  table WS  99,  p  275 

near  Granite,  Colo.: 

description..  Bull  140,  p  154;  WS  16,  p  117; 
28,  p  107;  37,  p  257;  66,  p  47 

discharge Bull  140,  p  154;  WS  16,  p 

117;  28,  p  116;  37,  p  257;  66,  p  17 

discharge,  monthly Ann  19,  iv,  p  354; 

20,  iv,pp329,  330 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights...  Bull  140,  p  155;  WS  16,  p 
117;  28,  p  110;  37,  p  257;  66,p47 

hydrograph Ann  1 9,  iv,  p  355 

rating  tables Ann  19,  iv,  p  353; 

WS  28,  p  117 
near  Groto,  Colo.: 

discharge WS  99,  p  310 

near  Hayden,  Colo.: 

description Bull  131,  p  34 

discharge Bull  131,  pp  34,  91,  92 

near  Holly,  Colo.: 

description Bull  140,  p  160 

discharge ....  Bull  131,  p  90;  WS  99,  p  310 
near  Hutchinson,  Kans.: 

description Ann  18,  iv,  pp  232-233; 

20,  iv,  p  342-343;  Bull  140,  pp  160-161; 
WS  16,  p  124;  28,  p  109;  37,  p  265;  50, 
p  330;   66,  p  56;   84,  p  120;   99,  p  266 

discharge Ann  18,  iv,  p  233; 

Bull  140,  p  161;  WS  16,  p  124; 
28,  p  116;  37,  p  265;  50,  p  330; 
66,  p  56;  84,   p  121;  99,  p  266 

discharge,  monthly Ann  18,  iv,  p  234; 

19,  iv,  p  361;  20,  iv,  pp  329, 343;  21,  iv, 
p  236;  22,  iv,  p  344;  Bull  140,  p  162; 
WS  75,  p  147;   84,  p   122;   99,   p  267 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights Bull  140,  p  lid; 

WS  11,  p  62;  16,  p  124;  28,  p 
114:  37,  p  265;  50,  p  330;  66, 
P  56;  84,  p  121;  99,  pp  266-267 

hydrographs Ann  18,  iv,  p  234; 

19,  iv,  p  361;  20,  iv,  p  343;  21,  iv, 
p  237;  22,  iv.  p  344;  WS  75,  p  148 

rainfall  and  run-off  relation Ann  20, 

iv,  p  330 

rating  tables Ann  18,  iv,  p  234; 

19,  iv,  p.  360;  WS28,  p  117;  39,  p  450; 
52,  p  518;  66,  p  172;  84.  p  122;  99,  p  267 
near  La  Junta,  Colo.: 

description Bull  131,  pp  37-38;. 

140,  pp  159-160;  WS  37, 
p  262;  66,  p  52;  99,  p  282 

discharge Bull  131,  pp  37, 38, 90, 91 ; 

140,  p  159;  WS  37,  p  262;  99,  p  282-283 
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Arkansas  River— Continued. 

near  La  Junta,  Colo.— Continued. 

discharge,  flood Bull  131,  pp  37-38 

discharge,  monthly Ann  11,  ii,  p  98; 

WS  66,  p  52;  99,  p  285 

gage  heights Bull  131,  p  39; 

140,  p  160;  WS  99,  p  283 

rating  table WS  99,  p  284 

near  Lamar  bridge,  Colo.: 

discharge WS  99,  p  305 

near  Las  Animas,  Colo.: 

description WS  28,  p  109 

discharge WS  28,  p  116;  99,  p  305 

gage  heights WS  28,  p  113 

near  Manzanola,  Colo.: 

description WS  28,  p  108 

discharge WS  28,  p  116 

gage  heights WS  28,  p  112 

near  Nepesta,  Colo.: 

description WS  16,  p  121;  28,  p  108; 

37.  pp  260-261;  50,  p326;  66  pp 

50-51 ;  84,  p  128;  99,  pp288  289 

discharge. . . .  Bull  131,  p  91 ;  WS  16,  p  121: 

28,  p  116;  37,  p  261;  50,  p  326; 

c.t;.  i>  51;  84,  p  L28;  99,  i>  290 

discharge,  monthly Ann  20.  iv.  p  :;::7; 

21,  iv,  p233;  22,  iv,p343; 
WS  84,  p  130;   99,  p  291 

discharge,  yearly Ann  20,  iv.  p  57 

gage  heights WS  16,  p  121; 

28,  pp  111-112:  37,  p  261;  50,  p  327; 
or,,  p  51;  84,  pi-  128-129;  99,  p  290 

hydrographs Ann  20,  iv,  p  338; 

21,  iv,  p233;  22,  iv.  p  343 

rating  tables Ann  19,  iv,  p  358; 

WS  28,  p  117;   39,  p  450;  52,  p 
518;  rt,.  |,  L72;  84,  p  130;  99,  p  291 
near  Prowers,  Colo.: 

description WS  50,  p  328; 

66,  p53;  99,  p  276 

discharge WS  50,  p  328; 

66,  p  53;  99,  p  277 

discharge,  monthly WS  75,  p  147; 

99,  p278 

gage  heights WS  50.  p  328;  66,  p  53; 

99,  p  277 

rating  table WS  99,  p  278 

near  Pueblo,  Colo.: 

description Ann  11,  ii,  p  19;  is,  iv. 

pp  227-228;  Bull  1 10.  p  L58;  WS 
16,  p  120;  28,  pp  107-108;  37,  pp 
259  260;  60,  p  325;  66,  pp  49-50; 
84,  pp  130-131;    99,  pp  293  294 

discharge Ann  18,  iv,  p  228, 

Bull  131,  p  90;  140.  p  158;  WS  16, 
p  120;  28,  p  116;  37,  p  260;  50,  p 
325;  66,  p  50;  84.  p  131;  99,  p  295 

discharge,  monthly Ann  11,  ii, 

pp49,  98;  12,  ii,  p  360;  13,  iii, 
p  94;  18,  iv,  p  230;  19.  iv, 
p  357;  20,  iv,  pp  329,  336; 
21,iv,p232;  22,  iv,p342;  WS 
75,  p  146;  84,  p  133;  99,  p  296 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  56 

gage  heights Bull  140,  p 

159;  WSll,p61;  16,  p 
120;  28,  pill;  37,  p  260; 
50,  p  326;  66,  p  50;  84, 
p  132;   99,   pp  295-296 


Arkansas  River— Continued. 

near  Pueblo,  Colo.— Continued. 

hydrographs Ann  18,  iv,  p  231; 

19,  iv,  p  357;  20,  iv,  p  337;  21,  iv, 
p  232;  22,  iv,  p  342;  WS  75,  p  146 

rainfall  and  run-off  relation Ann  20, 

iv,  p  330 

rating  tables Ann  18,  iv,  p  229; 

19,  iv,  p  356;  WS  28,  p  117;  39,  p  150; 
52,  p  518;  66,  p  172;  84,  p  132;  99,  p  296 
near  Rock  Canyon,  Colo.: 

discharge,  monthly Ann  11,  ii,  p  97 

near  Rocky  Ford,  Colo.: 

description. . . .  WS  16,  p  122;  28,  p  108;  37, 
pp  261-262;  50,  p327;  66,  p 
51;  84,  p  126;  99,  pp  285-286 

discharge Ann  19,  iv,  p  353;  WS  16,  p 

122;  28,  p  116;  37,  p  262;  66,  p  52;  99,  p  286 

discharge,  monthly  ..  Ann  20,  iv,  pp  329, 

338;     21,     iv,     p     2:;  I: 

WS  84,  p  127;  99,  p  288 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights ws  16,  p  122; 

28,  p  112;  37,  p262;  50,  p  327; 

66,  p  52;  84,  p  127;  99,  p  287 

hydrographs.  Ann20,iv,p339;  21,iv,p235 

rainfall  and  run-off  relation Ann  20, 

iv,  p  330 

rating  tables ws  28,  p  117; 

39,  p  450;  84,  p  127;  99,  pp  287-288 
near  Salida,  Colo.: 

description Ann  18,  iv,  p  221; 

Bull  140,  p  155;  WS  16,  p  118;  28,  p 
107;  37,  p  258;  50,  pp  322-323;  66,  pp 
17   18;  84,  pp  136-137;  99,  pp  301-302 

discharge Ann  18,  iv,  p  224; 

WS  Hi,  p  lis;  28,  p  llti;  37,  p  258;  50, 

P  323;  06,  p  48;  84,  p  137;  99,  p  302 

discharge,  monthly.  Ann  IS,  iv,  p  224;  19, 

iv,  p  355;  20,  iv,  pp  329,  331;  21,  iv,  p 

230; 22,  iv,  p340;  WS84,pl38;  99,  p304 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights Bull  140,  p  156; 

WS  16,pll8;  28,  ]»  110;  37,  p  258;  50,  p 
323;  66,  p   18;  84,  p  137;  99,  pp  302-303 

hydrographs Ann  19,  iv,  p  355; 

21,  iv,  p230;  22,  iv,  p  340 

rating  tallies Ann  18,  iv,  p  225; 

19,  iv,  p  354;  WS  28,  p  117;  39,  p 
450;  52,  p  518;  84,  p  138;  99,  p  303 
mar  State  line,  Colo.: 

discharge ws  99,  p  310 

near  Syracuse,  Kans.: 

description WS  84,  p  123;  99,  p  269 

discharge WS  84,  p  123;  99,  p  269 

discharge,  monthly WS  84,  p  125; 

99,  p  271 

gage  heights WS  84,  p  124;  99,  p  270 

rating  tables.  WS  84,  p  124;  99,  pp  270-271 
Arkansas  River  basin: 

description Ann  11,  ii,  pp  45-52; 

12,  ii,  p240;  14,  ii,  pp  106-108;  18,  iv,  p 
223;  19,  iv,  pp  351-353;  20,  iv,  pp  323- 
325;  21,  iv,  pp  229-230;  22,  iv,  p  339; 
Bull  131,  p  34;  140,  pp  153-154;  WS 
75,  p  145;  84,  pp  113-114;  99,  pp  243-244 
irrigation  surveys  in: 

engineering  features.  Annll,ii,  pp  133-144 
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Arkansas  River  basin — Continued. 
irrigation  surveys  in— Continued. 

engineering  results  of Ann  13,  iii, 

pp  3G2-370 
rainfall  and  river  stations: 

map Ann  20,  iv,  p  325 

rainfall  and  run-off  relation  .  Ann  20,  iv,  p  330 

rainfall  data Ann  20,  iv,  pp  325-330 

report  on  construction  of  topographic  maps 
and  survey  of  reservoir  sites  in,  by  A.  H. 

Thompson Ann  13,  iii,  pp  429-441 

See  also  WS74. 
Arkansas  River,  East  Fork,  near— 
Leadville,  Colo.: 

discharge  . . .  Ann  11,  ii,  p  47;  WS  99,  p  311 

discharge,  monthly Ann  11,  ii,  p  95 

gage  heights WS  99,  p  311 

hydrograph Ann  12,  ii,  p  210 

Arkansas  River,  Lake  Fork,  near — 
Arkansas  Junction,  Colo.: 

discharge WS  99,  p  311 

gage  heights WS  99,  p  312 

Leadville,  Colo.: 

discharge Ann  11 ,  ii,  p  47 

discharge,  monthly Ann  11,  ii,  p  96 

Arkansas  River,  Tennessee  Fork,  near— 
Leadville,  Colo.: 

discharge Ann  11,  ii,  p  47 

discharge,  monthly Ann  11,  ii,  p  96 

gage  heights WS  99,  p  312 

hydrograph Ann  12,  ii,  p  240 

Arkansas  Valley,  Colo.: 

irrigation  system  of  the  Great 

Plains  Water  Company  in Ann  21, 

iv,  pp  240-243 
underground  waters  of,  by  G.  K.  Gil- 
bert    Ann  17,  ii,  pp  557-601 

Arkins,  Colo. 

Big  Thompson  Creek  at: 

description Ann  18,  iv,  p  174; 

Bull  140,  pp  110-111;  WS  15,  p  94; 
27,  p  77;  37,  p  233;  49,  p  290;  66,  p 
36;  84,  pp  79-80;  99,  pp  188-189 
discharge.  Annl8,iv,pl75;  Bulll40,p  111; 
WS  15,  p  94;  27,  p  86;  37,  p  233;  49, 
p  290;    66,  p  36;   84,  p  80;   99,  p  189 

discharge,  daily WS  66,  p  36 

discharge,  monthly Ann  13,  iii,  p  93; 

18,  iv,  p  175;  19,  iv,  p  322;  20,  iv, 
pp  264,  288;  21,  iv,  p  209;  22,  iv, 
p  326;  Bull  140,  p  112;  WS  75, 
pp  130,   135;  84,  p  81;   99,  p  191 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  111; 

WS  11,  p  56;  15,  p  94;  27,  p  83;  37, 
p  234;  49,  p  291;  84,  p  80;  99,  p  190 

hydrographs Ann  19,  iv,  p  322; 

20,  iv,  p  289;  21,  iv,  p  210;  22,  iv,  p  326 

rainfall  and  run-off  relation Ann  20, 

iv, p  266 

rating  tables Ann  18,  iv,  p  175; 

19,  iv,  p321;  Bull  140,  pill; 
WS  27,  p  89;  39,  p  448;  52,  p 
517;  66,  p  171;  84,  p  81;  99,  p  190 
Handy  ditch  near: 

description WS  99,  |  >  1 91 

discharge WS  99,  p  191 


Ark  ins,  Colo.— Continued. 

Handy  ditch  near— Continued. 

discharge,  monthly WS  99,  p  193 

gage  heights. .....  WS  49,  p  291;  99,  p  192 

rating  table WS  99,  p  192 

Arlington,  Nebr. 

Elkhorn  River  near: 

description WS  37,  pp  244-245; 

50,  p  309;  66,  p  40;  84,  p  51;  99,  p  110. 

discharge Ann  20,  iv,  p  299; 

Bull  131,  p  91;  WS  27,  p 
88;  37,  p  245;  50,  p  309;  66, 
p  41;   84,  p  51;  99,  p  141 

discharge,  monthly Ann  21,  iv,  p  218; 

22,  iv,  p330;  WS  75,  p 
139;  84,  p  53;  99,  p  142 

gage  heights WS  37,  p  245; 

50,  p  310;  66,  p  41;  84,  p  52;  99,  p  141 

hydrographs Ann  21,  iv,  p  219; 

22,  iv,  p  331;  WS  75,  p  140 

rating  tables •.  WS  39,  p  449; 

84,  p  52;  99,  p  142 
Arlington,  Mo. 

Gasconade  River  near: 

description WS  99,  p  36 

discharge ws  99,  p  36 

discharge,  monthly WS  99,  p  38 

gage  heights WS  99,  p  37 

rating  table WS  99,  p  37 

Little  Piney  Creek  near: 

description WS  99,  p  38 

discharge WS  99,  p  38 

discharge,  monthly WS  99,  p  39 

gage  heights. WS  99,  p  39 

rating  table WS  99,  p  39 

Arnold,  Nebr. 

South  Loup  River  near: 

discharge Ann  20,  i v,  p  300 

Arnolds  Creek  in — 

James  River  basin,  Va.: 

discharge Ann  19,  iv,  p  170 

Aroostook  River  near- 
Fort  Fairfield,  Me.: 

description WS  97,  pp  1 7-18 

discharge WS  97,  p  18 

gage  heights WS  97,  p  18 

Arququah  Creek  near— 
Caldwell,  Ga.: 

discharge WS  49,  p  217 

Arrowhead  Reservoir  Co.,  Cal.: 

rainfall  data  collected  by,  discussion .  Ann  19, 
iv,  pp  616-621;  20,  iv,  p  560, 561 
works  of,  description  . . .  Ann  19,  iv,  p  615-616 
Arroya  flume,  below  Lake  Avalon,  Tex.: 

discharge,  monthly WS  28,  p  130 

Arroyo  Seco,  Cal.: 

description WS  39,  p  410 

discharge Ann  20,  iv,  p  543; 

WS  39.  p  410;  51,  p  454 

discharge,  low-water WS  28,  p  196 

discharge,  miscellaneous WS  100,  p  348 

near  Piney,  Cal.: 

description WS  66,  p  156 

discharge WS  66,  p  156 

discharge,  monthly WS  75,  p  220 

gage  heights WS  66,  p  156 

rating  table WS  66,  p  178 


22 


INDEX    TO    HYDROGRAPHIC    PROGRESS    REPORTS, 


[no.  119. 


Arroyo  Seco,  Cal.— Continued, 
near  Pasadena,  Cal.: 

description WS  51,  p.  471;  G6,  p  161 

discharge.'. WS  51,  p  471;  66,  p  161 

near  Petti tts  ranch,  Cal.: 

discharge WS  66,  p  167 

near  Soledad,  Cal.: 

description WS  85,  pp  163-164; 

100,  p  310 

discharge WS  85,  p  164;  100,  p  310 

discharge,  monthly WS  85,  p  165; 

100,  p  311 
gage  heights..  WS  85,  p  164:  100,  p310-3H 

rating  tables WS  85,  p  165;  100,  p  311 

reservoir  sites  on: 

description Ann  22,  iv,  pp  185  186 

tunnels  near: 

discharge WS  51,  p  187 

underground  water  from  bed  of..  Ann  20,  iv, 

pp  543  546 
Artesian  water-: 

chemical  analyses  of . .  Ann  18,  iv,  pp  611  613 
of  a  portion  of  the  Dakotas: 

preliminary  report  on,  by  N.  II.  Bar- 
ton   Ann  17,  ii, 

pp603  694 

temperature  of Ann  is,  iv,  pp  606-611 

Artesian  wells: 

in  Moxee  Valley,  Wash.: 

description Ann  2(1,  iv,  p  508-509 

discharge ws7.>,  p] 

in  Pasadena  Mesa,  Cal Ann  20,  iv, 

pp  546  548 
Asbury,  N.  J. 

Musconetcong  River  near: 

description WS97,  pp  2.72  253 

rating  table ws  97,  p  253 

Ash  Canyon  Creek  in— 
Carson  River  basin: 

discharge WS85,  p  L26;  100,  p229 

Ash  Creek,  Cal.,  near — 
<  dancho: 

discharge ws  100,  p  225 

Ash  Creek',  Nebr.: 

discharge Ann  18,  iv,  p  193; 

WS39,  p  138;  50,  p  310 
See  also  East  Ash  Creek;  Wesl  Ash  Creek. 
Ash  creek  and  forks,  Nebr. 

discharge Ann  20,  iv,  p  298; 

WS50,  p310 
Ash  field,  Mont. 

Beaver  Creek  near: 

description ws  99,  p  LOO 

discharge WS99,  p  LOO 

gage  heights WS  99,  b  L0] 

Ashland,  \'a. 

rainfall  data Ann  20,  iv,  pp  132,  133,  L34; 

WS75,  pp  15     »0 
Ashville,  Ala. 

rainfall  data, WS  75,  p.  86 

Asheville,  N.  C. 

French  Broad  River  near: 

description Ann  18,  iv,  p  116; 

Bull  140,  pp  80-81;  WS  15,  p  60;  27,  p 

59;  36,  pp  165-166;   18,  p  L86;  65,  p  301 

discharge Ann  18,  iv,  pll6; 

Bull  140,  p  80;  WS  15,  p  60;  27,  p 

65;  36,  p  166;  48,  p  186;  65,  p  301 


Asheville,  N.  C— Continued. 

French  Broad  River  near— Continued. 

discharge,  monthly.  Ann  19,  iv,  p  257-258; 
20,  iv,  p  205;  21,  iv,  p  160; 
22,  iv,  p  223;  WS  75,  p  103 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights Bull  140,  p  81; 

WS  11,  p  42;  15,  p  60;  27,  p  62; 
36,  p  166;  48,  p  186;  65,  p  301 

hydrography Ann  19,  iv,  pp  258-259; 

20,  iv,  p  205;  21,  iv,  p  161 

rating  tables Ann  19,  iv,  p  257; 

WS  27,  p  66;  39,  p  I  Hi; 
52,   p  515;   65,  p   323 
Hominy  <  'reck  near: 

discharge ws  49,  p  211 

Ashley  Creek,  Utah 

description Ann  22,  iv,  pp  362-364 

discharge,  low-water Ann  22,  iv,  p  395 

near  Vernal: 

description WS  50,  p  368;  66  p  83; 

85,  pp  71-72;  100,  pp  121    L22 

discharge ws  5it,  p368; 

66.  p  83;  75,  p  170; 
85,  p72;  100,  p  122 

discharge,  monthly Ann  22,  iv,  p365; 

WS75,  pl73;  85,  p  73;  LOO,  p  123 

gage  heights ws  50,  p  369;  66,  p84; 

85,  p.  72:   101),  p  122 

hydrograph Ann  22,  iv,  p  865 

rating  tables WS52,p519;  66,  p  173; 

85,  p  73;  100,  p  123 
Ashley  Creek  and  canals,  Utah: 

discharge Ann  22,  iv,  p  364 

Ashley  Creek  basin,  Utah: 

description ws  75,  pp  168-173 

A-ddey  Creek  canals.  Utah: 

description ws  75,  pp  16S-170 

discharge ws  75,  p  no 

map WS  75,  p  168 

weirs Ann  22,  iv,  p  363;  WS  75,  p  L69 

Ashuelol  River  near- 
Winchester,  N.  II.: 

description ws  97,  p  93 

discharge WS  97,  p  93 

^auc  heights WS  97,  p  93 

Atanum  Creek— 

canals  and  ditches: 

discharge Ann  19,  iv,  pp  470-473; 

22,  iv,  p  455 
near  Union  Cap.  Wash.: 

discharge Ann  19,  iv,  p  473 

Atanum  i;i\ er,  North  fork  of— 
in  Yakima  County,  Wash.: 

discharge ws  51,  p  443 

Atanum  Ki\ er,  South  fork  of— 
in  Yakima  County,  Wash.: 

discharge ws  51,  p  443 

Atanum  Valley: 

map Ann  22,  iv,  p454 

Atcheson  Creek  near- 
Laurel,  Term.: 

discharge WS  49,  p  214 

Athens,  Ga. 

Middle  Oconee  River  near: 

description..  WS  65,  pp  256-257;  83,  p  101 
discharge  ...  WS  65.  p  257;  83,  pp  102,  113 
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Athens,  Ga.— Continued. 

Middle  "Oconee  River  near— Continued. 

discharge,  monthly WS  75,  pp  65,  74; 

83,  p  103 

gage  heights WS  65,  p  257;  83,  p  102 

rating  tables WS  65,  p  321 ;  83,  p  103 

rainfall  data Ann  20,  iv,  pp  158,  160,161; 

WS  75,  p  72 
Atkinson,  Nebr. 

Elkhorn  River  near: 

discharge..  Ann  18,  iv,  p  193;  20,  iv,  p  299 
Atlanta,  Ga. 

Peachtree  Creek  near: 

discharge.  Ann  19,  iv,  p  210;  WS  83,  p  127 

rainfall  data Ann  18,  iv,  p  70; 

20  iv,  pp  177,  17'.)",  LSI;  WS  75,  p  72 
Atlantic  Coast  drainage,  northern: 

description WS  7r>,  ] >p  18-19 

Atlantic  Coast  drainage,  southern: 

description Ann  22,  iv,  p  150:  WS  75,  p  51 

Auburn,  Cal. 

North  Fork  of  American  River  near: 

discharge WS  85,  p  158 

Auburn,  Ohio 

rainfall  data WS  75,  p  111 

Auburn,  Wyo. 

Stump  Creek  above: 

discharge Bull  131 ,  ]>  01 

Aucheehachee  Creek.    See  Little  Ocmulgee 

Rivef. 
Auglaize  River 

description Ann  18,  iv,  p  469 

near  Defiance,  Ohio: 

description WS  97,  p  425 

discharge WS  97,  p  425 

gage  heights WS  97,  p  426 

Augres,  Midi.    See  Augres  River. 
Augres  River — 

near  Augres,  Mich.: 

description WS  83,  p  295 

discharge,  low-water WS  83,  p  296: 

Augres  River,  East  Branch: 

description WS  83,  p  295 

discharge,  low-water WS  83,  p  296 

Augusta,  Ga. 

Augusta  Canal  near: 

discharge Ann  19,  iv,  p  227 

Savannah  River  near: 

description Ann  14,  ii,  p  147; 

18,  iv,  p  75;  Bull  140,  pp  72-73; 
WS  27,  pp  28-31;  36,  p  130;  48,  p 
150;  65,  p  254;  83,  pp  87-88;  98,  p  57 

discharge Ann  19,  iv,  p  227;  WS 

.       27,  p44;  36,  p  131;  48,  p  150; 
65,  p  254;  83,  p  88;  98,  p  58 

discharge,  flood Ann  14,  ii,  p  149 

discharge,  monthly...  Ann  14,  ii,  pp  1  17 

1  is;  18,  iv,  pp  76-77;  20,  iv,  pp  160, 

165;  21,  iv,  p  135;  22,  iv,  pl62;  WS 

27,  p  30;  75,  p  64;  83,  p  89;  98,  p  59 

discharge,  yearly...  Ann  20,  iv,  pp  50,  51 

gage  heights Bull  140,  p  73; 

WS  27,  pp  41-42;  36,  p  131;  48,  p 
151;  65,  p  255;  83,  p  88;  98,  p  58 

hydrographs Ann  20,  iv,  p  165; 

21,  iv,  p  135;  22,  iv,  p  162;  WS75,  p  64 

rating  tables . . .  WS  27,  p  29;  39,  p  144;  52, 

p  513;    65,   p  320;  83,  p  89;  98,  p  59 


Augusta,  Ga.— Continued. 
Warwick  millrace  at: 

discharge Ann  19.  iv,  p  227 

Augusta,  Me. 

Cobbosseecontee  River  near: 

description..  WS  35,  p  28;  47,  p31;  65  p  19 

discharge,  daily WS  35,  pp  29-33; 

47,  p31;  65,  p  20 

discharge,  monthly Ann  21,  iv,  p  54; 

22,  iv,  pp  58-59;  WS  75,  p  21 
hydrographs.  Ann  21,  iv,  p  55;  22,  iv,  p  59 
Augusta,  Mont. 

Smith  Creek  near: 

discharge Ann  19,  iv,  p  290 

Sun  River  mar: 

description WS  99,  pp  116-117 

discharge,  monthly Ann  11,  ii,  p  94; 

12,  ii,  pp347,  360;  13,  iii,  p  93 

discharge,  yearly Ann  13,  iii,  p  98; 

20,  iv,  p  53 

hydrograph Ann  12,  ii,  p  234 

Augusta  Canal  near- 
Augusta,  Ga.: 

discharge Ann  19,  iv,  p  227 

Auraria,  Ga. 

Etowah  River  near: 

discharge WS  49,  p  208 

An  Sable  River  near— 
•Bamfield,  Mich.: 

description..  WS  83,  p  288;  97,  pp  434-435 

discharge WS  83,  p  288;  9^435 

discharge,  low-water WS  83,  p  296 

gage  heights WS  83,  p  289;  97,  p  436 

Au  Sable  River  basin: 

description WS  83,  pp  287-288 

Austell,  Ga. 

Sweetwater  Creek  near: 

description Ann  18,  iv,  p  93 

discharge Ann  19,  iv,  p  210; 

WS36,  ]».  Ill;  83,  pp  127,  128 
Austin,  Tex. 

Barton  Springs  near: 

description WS  84,  p  152 

discharge Ann  18,  iv,  p  110;  Bull  131, 

p  92;  66,  p  58;  84,  p  153;  WS  28,  p  130 
Colorado  River  near: 

description Bull  140,  pp  82-83;  WS  28, 

pp  118-119;  37,  p  274;  50,  pp  336-337; 
66,  p  64;   84,  pp   149-150;  99,  p  334 

discharge Ann  18,  iv,  p  110; 

Bull  1 40,  p  83;  WS  28,  p  129;  37  p  274; 
50,  p  337;  66,  p  64;  84,  p  150;  99,  p  335 

discharge,  monthly WS  75,  p  152; 

84,  p  152;  99,  p  336 

gage  heights WS  28,  pp  122-124; 

37,  p  275;  50,  p  338;  66, 
p  64;  84,  pl51;  99,  p  335 

hydrograph WS  75,  p  152 

rating  tables WS  (56,  p  173; 

84,.  p  153;  99,  p  336 
springs  near: 

discharge Bull  140,  p  83 

Avery  Creek  in- 
French  Broad  River  basin,  N.  ('.: 

discharge WS  49,  p  211 

Axial,  Colo. 

Axial  River  near: 

discharge WS  50,  p  375 
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Axial,  Colo.— Continued. 
Milk  Creek  near: 

discharge WS  66,  | >  98 

Axial  River,  Colo. 

discharge,  low  water Ann  22,  iv,  p  396 

near  Axial,  Colo.: 

discharge WS  50,  p  375 

Ayr,  Nebr. 

Little  Blue  River  near: 

discharge ws  50,  p.  310 

Azusa,  Cal. 
canals  at: 

discharge Ann  18.  iv,  p  117 

San  Gabriel  canals  near: 

discharge Ann  18,  iv,  pp  416,  417 

discharge,  daily Ann  IS,  iv,  p  410; 

WS39,  p412;  85,  p  169 

discharge,  monthly —  Ann  10,  iv,  p  531; 

WS  85,  p  170 

gage  heights WS  28,  p.  190; 

rating  table Ann  19,  i v.  p  530 

San  Gabriel  River  near: 

description Ann  18,  iv, 

pp  405-407;  Bull  140,  pp  317-:;i*: 
WS  16,  ]>  191:  23,  pp  187  -188; 
39,  pp  110-411;  51,  p472;  66.  p  161 

discharge Ann  18,  iv,  p  408;  WS  16. 

pl94;  28,  pp  190,  191,  192;  39, 
p411;  51,  pp  172,475;  8."..  pl6£ 

discharge,  daily Ann  18,  iv,  p  409; 

Bull  140,  p316;  WS39,  pp  412, 
413;  51,  pp  472-171:   I  no.  p  330 

discharge,  monthly Ann  19,  iv,  p  529; 

WS  S.i,  p!70;  100.  p331 

discharge,  yearly Ann  20,  iv,  p  64 

gage  heights WS  16,  p  195;  28,  p  189; 

66,  i'  161;  85,  p  L68 

hydrograph Ann  19,  iv,  p  529 

rating  tables Ann  18,  iv,  p  408; 

19,  iv,  p  528;  WS28,  p  191:  39, 
p  111;  85,  p  169;  LOO,  pp  330  331 
San  Gabriel  River  and  canals  at: 

description..  WS  85,  p  167;  100,  pp  827  328 

discharge WS  100,  pp  328  329 

discharge,  monthly Ann  19,  iv.  p  531; 

20,   iv,   p  551;  21,   iv,   p  179;  22,  iv, 
p504;  WS  75,  pp  222-22:;;  85,   p   170 

gage  heights WS  loo.  p  329 

hydrograph Ann  21,  iv,  p  180 

Azusa  canal— 
at  tunnel: 

discharge . .  WS  28,  p  191 ;  Ann  18,  iv,  p  417 
Azusa  tunnels- 
San  Gabriel  River  in: 

discharge WS  28,  p  192 


B. 


Bachmans  Valley,  Md. 

rainfall  data Ann  20,  iv,  pp  112,  114 

Back  Creek  (Looney  Creek)  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  170 

Back  Creek  in— 

Potomac  River  basin: 

discharge Ann  19,  iv,  p  136 


Back  Creek,  Va. 

discharge Ann  19,  iv,  p  173 

Back  Run  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  170 

Badger  Creek  near — 
Piegan,  Mont,: 

discharge WS  49,  p  269 

Bailey,  Colo. 

Deer  Park  Creek  at: 

discharge WS  84,  p  94 

North  Fork  South  Platte  River  at: 

discharge WS  84,  p  94 

Bailey,  N.  C. 

Sandy  Mush  Creek  at: 

discharge WS  49,  p  212 

Baker  City,  Oreg. 

Powder  River  near: 

description WS  100,  pp  4.;n  !:;i 

discharge WS  loo,  p  431 

gage  heights WS  loo,  p  431 

Baker  Creek,  Nebr. 

discharge WS  39,  p  438 

Rakers  Creek  at— 
Parksville,  Term.: 

discharge ws  49,  p  218 

Bakersiield,  Cal. 

Kern  River  near: 

description Ann  12,  ii,  p  319; 

is.  iv,  pp  395-396;  19,  iv,  p  523;  20, 
iv,  p  537;  Bull  181,  pp  79-80;  1  in. 
PP  269  271;  WS  39,  p  105;  51,  p  462; 
66.    p   158;    85,    p    L54;    100,    p    302 

discharge Bull  131,  p  so;  ws  66,  p  167 

discharge,  daily WS  39,  406-407; 

51,  p463;  M,  ]>  159;  85,  p  154;  100,  p  302 

discharge,  low  water  ..  Ann  22,  iv,  p  497; 

WS  39,  p433;  51,  p  182 

discharge,  monthly Ann  18,  iv,  p  397; 

19,  iv,  p  521;  20,  iv,  p 
538;  21,  iv,  p  169;  22,  iv, 
p  468;  Bull  140,  p  271; 
WS  66,  p  159;  75,  p  218; 
85,     p    155;     100,   p    303 

discharge,  yearly Ann  20,  iv,  p  64 

hydrographs Ann  18,  iv,  p  398; 

20,  iv,  p538;  WS75,  p  219 

rainfall  data Bull  140,  p268 

Makers  Mill  spring  near— 
Fairmount,  Ga.: 

discharge WS  36,  p  147 

Bald  Creek  near— 
Burnsville,  N.  < '.: 

discharge ws  49,  p  21 4 

Bald  Mountain  Creek  in— 

Nolichucky  River  basin,  N.  C: 

discharge WS  49,  p  214 

Se<  also  Little  Bald  Mountain  Creek. 
Baldwinsville,  N.  V. 
Seneca,  River  near: 

description WS  36,  pp  183-184; 

49,    pp   222-223;    65,    pp 
128-129;  82,  p  69;  97,  p  394 

discharge WS  47,  p  39; 

49,  p  223;  65,  p  129 

discharge,  daily WS  36,  p  184; 

65,  p  130;  82,  p  69;  97,  p  394 
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Baldwinsville,  N.  Y.—  Continued. 
Seneca  River  near— Continued. 

discharge,  monthly WS  35,  p  24; 

65,  p  131;  82,  p  70;  97,  p  395 

hydrograph Ann  21,  iv,  p  180 

Ball  Ground,  Ga. 

Big  Long  Swan  Creek  near: 

discharge  Ann  19,  iv,  p  252 

Ballinger,  Tex. 

Colorado  River  near: 

discharge WS  84,  p  152 

Ballinger  Creek  in — 
James  River  basin: 

discharge Ann  19,  iv,  p  171 

Ballon  Creek  near — 
Utica,  N.  Y.: 

discharge WS  82,  p  84 

Ball  Play  Creek  near— 
Tariffville,  Tenn.: 

discharge WS  49,  p  217 

Baltimore,  Md. 

rainfall  data Ann  20,  iv,  pp 

112,113,114 
Bamfield,  Mich. 

Au  Sable  River  near: 

description . . .  WS  83,  p  288;  97,  pp  434-435 

discharge WS  83,  p  288;  97,  p  435 

discharge,  low  water WS  83,  p  298 

gage  heights WS  83,  p  289;  97,  p  436 

Banners  Elk,  N.  C. 

North  and  South  Forks  of  Elk  Creek  at: 

discharge WS  49,  p  216 

Banning,  Ga. 

Snake  Creek  near: 

discharge WS  98,  ]  >  1 28 

Barbers  Creek  in— 

Carson  Valley,  New: 

discharge WS  100,  p  227 

Barboursville,  Va. 

rainfall  data WS  75,  pp  45,  46,  50 

Baring,  Me. 

St.  Croix  River  at  Spragues  Falls  near: 

description WS  82,  p  14;  97,  p  20 

discharge WS  97,  p  20 

discharge,  daily WS  97,  p  22 

discharge,  monthly WS  97,  p  23 

gage  heights WS  82,  p  14;  97,  p  21 

rating  table WS  97,  p  21 

Barnett  Shoals,  Ga. 
Oconee  River  at: 

description WS  65,  p  257;  83,  p  99 

discharge WS  65,  p  257;  83,  p  99 

discharge,  monthly WS  75,  pp  66, 

74;  83,  p  101 

gage  heights WS  65,  p  258; 

83,  pp  99-100 

rating  tables WS  65,  p  321;  83,  p  100 

See  also  Bramlett. 
Barrett  dam  site,  Cal. : 

description Ann  18,  iv,  p  642 

Barton,  Colo. 

Arkansas  River  near: 

description WS  66,  pp  5 1  55 : 

84,  p  125 

discharge WS  66,  p  55 

gage  heights WS  66,  p  55;  84,  p  126 


Barton  Springs  near — 
Austin,  Tex.: 

description WS  50,  p  338;  84,  p  152 

discharge Ann  18,  iv,  p  110; 

Bull  131,  p  92;  WS  28,  p  130; 

50,  p  338;  66,  p  58;  84,  p  153 
Bartow,  Fla. 

Kissingen  Spring  at: 

discharge WS  27,  p  45 

Bassett,  Nebr. 

Elk  Creek  near: 

discharge WS  27,  p  88 

Bath  Mills,  Mich. 

North  Branch  of  KalamazooRivernear: 

discharge WS  97,  p  458 

Battery  Creek  in— 
James  River  basin: 

discharge Ann  19    v,  p  170 

Battle  Creek,  Idaho 
Bear  River  near: 

description Ann  14,  ii,  pp  118-119; 

18,  iv,  p  313;  Bull  131,  p 
53;  140,  p  225;  WS  16,  p 
157;  28,  p  146;  38,pp332-333; 
51,  p  409;  66,  p  117;  85,  p  82 

discharge Ann  18,  iv,  p  314; 

Bull  131,  pp  53,  92;  140,  p 
226;  WS  16,  p  157;  28,  p 
153;   35,  pp  15-19;  38,  p  338; 

51,  p  409;  66,  p  117;  85,  p  83 
discharge,  monthly Ann  11,  ii,  p  102; 

12,  ii,  pp  352,  360;  13,  iii,  p  96;  14,  ii, 
P  119;  18,  iv,  p  315;  19,  iv,  p432;  20, 
iv,  p  459:  21,  iv,  p  394;  22,  iv,  p  407; 
Bull  140,  p  227;  WS  75,  p  191 ;  85,  p  84 

discharge,  yearly Ann  11,  ii,  p  69; 

13,  iii,  p  99;  20,  iv,  p  60 

gage  heights Bull  131,  pp  54-55; 

140,  p  226;  WS  11,  p  76;  16, 
p  157;  28,  p  149;  38,  p  334;  51, 
p    410;   66,    p   117;    85,  p   83 

hydrographs Ann  12,  ii,  p  330;  14,  ii, 

p  118;  18,  iv,  p  316;  19,  iv,  p  433; 
20,  iv,  p  460;  22,  iv,  p  407;  75,  p  191 

rating  tables Ann  18,  iv,  p  314;  19,  iv, 

p  432:  Bull  131,  p  54;  140,  p 
226;  28,  p  154;  39,  p  452;  52, 
p  521;    66,   p  176;  85,  p  84 
Keystone: 

discharge WS  49,  p  272 

Battle  Creek,  S.  Dak.,  near— 
Hermosa: 

description WS  99,  p  54 

discharge WS  49,  p  272;  99,  pp  55, 135 

gage  heights WS  99,  p  55 

Battle  Creek,  Utah,  in- 
Interior  basin: 

discharge WS  100,  p  224 

Battle  Mountain,  Nev. 
Humboldt  River  near: 

description Ann  18,  iv,  p,  302; 

WS  16,  p  153 
discharge. .  Ann  18,  iv,  p  302;  WS  16,  p  153 

discharge,  monthly Ann  18,  iv,  p303; 

19,  iv,  p  426 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights WS11,  p  74;  16,  p  153 
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Battle  Mountain,  Nev  —  Continued. 
Humboldt  River  near— Continued. 

hydrographs Ann  18,  iv,  p  309; 

19,  iv,  p  426 

rating  tables Ann  18,  iv,  pp  302-303; 

19,  iv.  p  125 
Humboldt  River  ditches  between  Gol- 
conda'  and: 

discharge WS  100,  p  2 18 

Rock  Creek  near: 

description Ann  18,  iv.  pp  308-309 

discharge Ann  18,  iv,  p  310 

discharge,  monthly Ann  18,  iv.  p  310 

discharge,  yearly Ann  20,  iv,  p  60 

gage  heights WS  11,  p  75 

rating  table Ann  18,  iv,  p  310 

Bayard,  W.  Va. 

Buffalo  Creek  near: 

discharge Ann  19,  iv,  p  i  12 

Bazin's  formula WS65,  p  97 

Bear  Butte  Creek  above— 
Siurgis,  S.  Dak.: 

discharge WS  99,  p  L35 

Bear  Creek,  Cal. 

description Bull  110,  pp  295  296 

discharge Ann  18,  iv,  p  418 

diurnal  variation,  diagram. .  Ann  22,  iv,  p  198 
near,  at   base   of    foothills,   discharge, 

yearly Bull  140,  pp  311,312 

Bear  Creek,  Colo.— 
near  Morrison: 

description Ann  is,  iv,  p  107: 

Bull  1  10,  p  106;  WS  15,  p 

90;  27.  p  77;  37, pp  227-228; 

19,  p284;  66,  p31;  84,  p  89 

discharge Ann  13,  iii.  p  85; 

18,  iv,  p  L68;  Bull  L40,  p  106; 
WS15,  p90;  27,  p86;  37,  p228; 

19,  p    284;    66,  p  31;   84,  p  01 
discharge,  monthly \nn  18,  iv,  p  169; 

19,  iv,  p317;  20.  iv.  pp  263,  284; 
21,  iv,  p204;  22,  iv,  p  321;  Bull 
140,   p  107:   WS  75,  pp  127,  135 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights Bull  140,  p  107: 

WS11,  p54;  15,  p90;  27,  p  81:  37. 
p228;  49,  p  285;  66,  p  31;  84,  p  89 

hydrographs Ann  19,  iv.  p  317; 

2(i,  iv.  p285;  21,  iv, 
P  2ii i:  22,  iv,  p  321 

rainfall  and  run-off  relation Ann  20, 

iv.  ]>  226 

rating  tables Ann  Is.  iv.  i>  168; 

l'.t,  iv,  p317;  Bull  140.  pl06;  WS 
39,    p  448;   52,    p  517:    i'f,,    p    171 

seepage  computations WS  50,  p  304 

Bear  Creek,  N.  C,  near— 
Flatrock : 

discharge WS  49,  p  213 

Bear  Creek,  Tex.,  near- 
Morales  farm: 

discharge WS  84,  p  154 

Bear  Creek,  Va.,  in. 

South  Fork  Holston  River  ha -in: 

discharge WS  49,  p  215 

Bear  Creek  ditches,  Wyo.: 

irrigation  data WS  70,  p  32 


Beardstown,  111. 

Illinois  River  near: 

description Ann  21,  iv,  p  176 

discharge Ann  21,  iv,  i>  177 

Bear  Garden  Creek  in— 
James  River  basin: 

discharge Ann  lo,  iv.  p  171 

Bear  Gulch   Creek  aboA  e 
Kearney,  Wyo.: 

discharge Bull  131.  p  90 

Bear  Lake,  Idaho. 
tributaries  of: 

discharge ws  100,  p  221 

Bear  Lake  reservoir  site: 

description Ann  20,  iv.  pp  403-464 

Bear  Lake  Valley,  Utah-Idaho: 

description Ann  12,  ii.pp  327-329 

Bear  River,  Cal.— 

in  San  Francisco  bay  drainage  hasin: 

discharge WS  85,  p  158 

neai'  Wheatland: 

discharge,  low-water...  Ann  22,  iv.  p  195; 
WS51,  p  ISO 
Bear  River,  Utah  Idaho. 

description Ann  11,  ii,  pp  66-70; 

Bull  140,  pp  224-225 
near  Battle  Creek,  Idaho: 

description Ann  14,  ii,  pp  118  119; 

is.  iv,  p  313;  Bull  131,  p  5;;;  1  10,  pp 

WS  L6,  p  157;  28, p  1  16;  38,  pp 

332  333;  51,  p  109;  66,  pi  17;  85,  p  82 

discharge Ann  18,  iv,  p  314; 

Bull  131,  pp53,  '.'2:  1  Hi.  p  226;  WS 
16,  p  157;  28,  p  153;  35,  pp  18-19; 
38,  p333;  51, p  109; 66,  pll7;85,p83 
discharge, monthly.  Annli,  ii,  p  102, 12,  ii, 
pp352,360;13,iii,p96;14,ii,pll9;18, 
iv,  p315;  19,  iv,  p  432;  20,  iv,p459; 
21,  iv,  p  394;  22,  iv,  p  407;  Bull  140, 
p    227;    WS    75,   p    101;    85,    p    84 

discharge,  yearly Ann  11,  ii,  p  69; 

13,  p99;  20,  iv,  poo 

gage  heights Bull  131 ,  pp  5  I  -55;  !  1(1,  p 

226:  WS11,  p76;  16.  p  157;  28,  p  L49; 
38,p334;  51,  p  U0;  66,  p  117;  85,  p  83 

hydrographs Ann  12,  ii,  p  330; 

11,  ii,p!18;  is,  iv.  p  316; 
10,  iv.  p  i:;3;  2(i,  iv,p  160; 
22,   iv,    p   407;   75,   p  191 

rating  tables Ann  18,  iv,  p314; 

10.  iv,  p  132;  Bull  131, 
p54;  110.  p226;  WS  2s, 
p  15 i;  39,  1>  152;  52,  p 
521;  06  p  176;  85,  p  8i 
near  Collinston,  Utah: 

description Ann  18,  iv,  p319; 

Bull  131,  pp 55-56;  140,p227; 
WS16,  p  159;  28,  p  146;  38, 
pp  33,5-336;  51,  p  413;  66, 
p  120,  85,  p  80;  100,  p   131 

ilischarge Ann  18,  iv,  p  319; 

Bull  131,  pp  90,  92;  140,  p  228; 
WS  16,  p  159;  28,  p  15:',;  35, 
ppls-19;  38,  p  336,;  51,  p413; 
06,  p  120;  85,  p  80;  100,  p  131 
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Bear  River,  Utah-Idaho— Continued, 
near  Collinston,  Utah— Continued. 

discharge,  monthly Ann  11,  ii,  p  103; 

12,  ii,  pp  352,  360;  13,  iii,  p  96;  14, 
ii,  pp  120-121;  18,  iv,  p  320;  19,  iv, 
p  435;  20,  iv,  pp  458-460;  21,  iv,  p 
395;  22,  iv,  p  410;  Bull  140.  p  229: 
WS  75,  p  193;  85,  p  82;  100,  p  133 

discharge,  yearly Ann  11,  ii,  p  69; 

13,  iii,  p  99;  20,  iv,  p  60 

gage  heights Bull  131,  pp  56  57; 

140.  p  229;  WS  11,  p  77;  16,  p 
159;  28,  p  150;  38,  p  336;  51,  p 
414:  fill,])  121;  85,  p81;  100,p  132 

hydro-graphs Ann  12,  ii,  p  332; 

14,  ii,pl21;  I8,iv,p320;  19,iv,  p435; 
20,  iv, p  461;  21,  iv,  p  395;  22,'iv,p411 

rainfall  and  run-off  relation Ann  20, 

iv,  p  459 

■    rating  tables Ann  18,  iv,  p  320; 

19,  iv,  p  434;  Bull  140,  p  228;  WS 
28,    p   154:   39,   p   453;  52,  p   521; 
66,    p   176;    85,    p  81;    100,  p   132 
near  Dingle,  Idaho: 

description WS  100,  p  135 

discharge WS  100,  p  135 

discharge,  monthly WS  100,  p  137 

gage  heights WS  100.  p  136 

rating  table WS  100,  p  136 

near  Preston,  Idaho: 

description WS  100,  pp  133-134 

discharge WS  100,  p  134 

gage  heights WS  100,  p  134 

near  Soda  Springs,  Idaho: 

description Ann  18,  iv,  p  312; 

WS  28,  p  146 

discharge Ann  18,  iv,  p  312; 

WS  28,  p  153 

discharge,  monthly Ann  18,  iv,  p  313 

discharge,  yearly Ann  20,  iv,  p  60 

gage  heights ws  11,  p  76;  28,  p  149 

rating  tables Ann  18,  iv,  p  312; 

WS  28,  p  154 
Bear  River,  Lower- 
description  Ann  12,  ii,  pp  329-330 

Williams  Fork  of,  at  Hamilton,  Colo.: 

discharge Ann  22,  iv,  p  396 

Bear  River  basin,  Utah-Idaho: 

description Ann  12,  ii,  pp  325-325; 

18,  iv,  pp  311-312;  19,  iv,  p  431; 
21,   iv,    p    394;    22,   iv,   p  40  i 
Bear  River  canal,  Utah: 

engineering  features..  Ann  13,  iii,  pp  194-198 
Bear  Valley,  Cal. 
canals  in: 

description Ann  19,  iv,  pp  588-591 

distribution  system.  Ann  19,  iv,  pp  591-598 

rainfall  data Ann  18,  iv,  p  685: 

19,  iv,  p  568;  WS  39,  pp  437, 437; 
52,  pp  495,  496;   66,  pp  168,  169 
Bear  Valley  dam,  Cal. 

description Ann  18,  iv,  pp  682-685; 

19,  iv,  pp  587-588 

rainfall  data Bull  140,  p  321 

Bear  Valley  Irrigation  Co. 
dam  of: 

description Ann  19,  iv,  pp  587  588 


Bear  Valley  Irrigation  Co.— Continued, 
reservoir  of: 

description Ann  19,  iv,  pp  583-585 

Bear  Valley  reservoir,  Cal. 

description Ann  13,  iii,  pp  305-310; 

19,  iv,  pp  583-586 
Beatrice,  Nebr. 

Blue  River  near: 

discharge Ann  20,  iv.  p  298 

Beaver  Creek,  Colo.,  in- 
Grand  River  basin: 

discharge WS  100,  p  94 

Beaver  Creek,  Mont, 
near  Ashrield: 

description -WS  99,  p  100 

discharge WS  99,  p  100 

gage  heights WS  99,  p  101 

Beaver  Creek,  Nebr. 

discharge WS  39,  p  438;  50,  p  310 

near  Albion: 

discharge Ann  18,  iv,  p  L93; 

20,  iv,  p  298;  WS  27,  p  88;  66,  p  43 
near  Geneva: 

discharge ws  66,  p  43 

near  Genoa: 

discharge Ann  18,  iv,  p  193; 

20,  i V,  p  29s ;  Bull  1 31 ,  p  9 1 ;  WS  50,  p  310 
Beaver  Creek,  N.  C,  in- 
New  River  basin: 

discharge WS  49,  p  210 

near  Sprucepine: 

discharge WS  49,  p  212 

Beaver  Creek,  S.  Dak. 

in  Cheyenne  River  basin: 

discharge WS  49,  p  272 

near  Buffalo  <  rap: 

discharge WS  49,  p  272;  99,  p  135 

Beaver  Creek,  Wyo. 

discharge WS  66,  p  23 

near  Hailey: 

discharge Ann  13,  iii,  p  70 

near  mouth  of  Stockade  Beaver  Creek: 

discharge WS  49,  p  272 

Beaver  Creek,  Va. 

in  James  River  basin: 

discharge Ann  19,  iv,  p  170 

Beaver  (-reek  overflow  channel  near— 
Bowdoin,  Mont.: 

description ws  99,  pp  101-102 

discharge WS  99,  p  102 

gage  heights WS  99,  pp  102-103 

Beaverdam  Creek,  Ga.,  at— 
Elberton: 

discharge WS  83,  i >  95 

Beaverdam  Creek,  N.  C,  in- 
French  Broad  River  basin: 

discharge WS  49,  p  212 

near  Leander: 

discharge WS  49,  p  216 

Beaverdam  Creek,  S.  C. 
near  Calhoun  Falls: 

discharge WS  83,  i  >  95 

Beaverdam  Creek,  Va.,  in— 
James  River  basin: 

discharge Ann  19,  iv,  n  171 

near  Damascus: 

discharge WS  49,  p  214 
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Beaverhead  River  at— 
Dillon,  Mont.: 

discharge. . . .  Ann  11,  iii,  p  107;  13,  ii,  p  51 
Beaver  River,  N.  Y. 

description WS  49,  pp  235-236 

near  Croghan : 

description WS  65,  pp  100-101; 

82,  p61;97,  pp  364-365 

discharge WS  65,  p  101; 

82,  p61;  97,  p365 

discharge,  daily ws  97,  pp 367-369 

discharge,  monthly WS  97,  p  370 

gage  heights WS  65,  p  101; 

82,  p  62;  97,  p  366 

rainfall  data WS  97,  p  370 

rating  table WS  97,  p  366 

Beaver  River  system,  Pa.: 

description Ann  18,  iv,  pp  463-464 

Bechler  Creek  in— 

Yellowstone  National  Park: 

discharge WS  100,  p  461 

Bedford,  111. 

Illinois  River  near: 

discharge Ann  21,  iv,  p  176 

Be,  1  h.rd,  N.  Y. 

Mianus  River  near: 

description WS  97,  p  116 

discharge WS  97,  p  1 16 

discharge,  daily WS  97,  p  117 

discharge, monthly "WS  97,  p  lis 

rainfall  data WS  97,  p  118 

Bedford  City,  Va. 

rainfall  data Ann  20,  iv,  pp  137, 138, 139; 

WS  75,  pp  45,  16,  50 
Beech  Creek,  N.  C,  in— 
Watauga  River  basin: 

discharge WS  49,  p  216 

Belfield,  Va. 

Meherrin  River  near: 

discharge Bull  140,  p  68 

Belgium,  N.  Y. 

Seneca,  River  near: 

discharge WS  65,  p  L29 

Bell  Creek  near— 
Hiwassee,  Ga.: 

discharge WS  49,  p  217 

Bellcone,  Idaho. 

Silver  Creek  near: 

discharge Ann  11,  ii,  p  110 

Belle  Fourehe,  S.  Dak. 

Belle  Fourehe  River  near: 

Set  Belle  Fourcho  River. 
Red  Water  River  near: 

description WS  99,  p  59 

discharge WS  99,  p  59 

discharge,  monthly WS  99,  p  60 

gage  heights WS  99,  p  60 

rating  table WS  99,  p  60 

Belle  Fourehe  Power  Canal  in- 
Red  Water  Valley: 

discharge WS  99,  p  136 

Belle  Fourehe  River  near- 
Belle  Fourehe,  S.  Dak.: 

description "WS  99,  p  57 

discharge WS  99,  p  57 

discharge,  monthly WS  99,  p  59' 

gage  heights WS  99,  p  58 

rating  table WS  99,  p  58 


Bells  Creek  in— 

James  River  basin,  Va.: 

discharge Ann  19,  iv,  p  170 

Belltown,  Tenn. 

Cane  Creek  near: 

discharge WS  49,  p  217 

Belmont,  N.  C. 

Catawba  River  near: 

discharge WS  98,  p  55 

Beloit,  Kans. 

Solomon  River  near: 

description Ann  18,  iv,  p  207-208; 

Bull  140,  p  138-139;  WS  16,  p  111) 

discharge Ann  18,  iv,  p  208; 

Bull  140,  p  139:  WS  16,  p  110 

discharge,  monthly Ann  18,  iv, 

pp  209-210;  19,  iv,  p  341;  Bull  140,  p  140 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  140; 

WS  11,  p  57;  16,  p  110 

hydrographs Ann  18,  iv,  p  210; 

19,  iv,  p  342 

rating  tables Ann  18,  iv,  p  209; 

19,  iv,  p  341 
Belton,  Tex. 

Nolan  River  near: 

discharge WS  66,  p  60 

Benkelman,  Nebr. 

Republican  River  near: 

description WS  99,  pp  220-221 

discharge Ann  18,  i\ .  p  206; 

20,  iv,  p  302;  Bull  131,  p  92; 
WS   M,    p   113;    99,    p   221 

discharge,  monthly WS  99,  p  222 

gage  heights WS  99,  p  221 

rating  table WS  99,  p  222 

North  Fork  Republican  River  near: 

description..  Bull  131,  p33;  140,  pp  126-127 

discharge Bull  131,  p 33;  140,  p  126; 

WS50,p311 

discharge,  monthly Bull  140,  p  129 

gage  heights Bull  140,  p  129 

rating  table Bull  140,  p  128 

South  Fork  Republican  River  near: 

description Bull  131, p33; 

140,  p  130;  WS  99,  pp  222-223 

discharge Ann  18,  iv,  p  206, 

Bull  140,  p  130;  WS  50, 
p311;  84,  p  113;  99,  p223 

discharge,  monthly WS  99,  p  224 

gage  heights Bull  140,  pp  130-131; 

WS  99,  pp  223-224 

rating  table WS  9",  p  224 

Benson,  Ariz. 

rainfall  data Ann  12,  ii,  p  300 

Bent  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv.  p  170 

Benton  Ridge,  Ohio. 

rainfall  data WS  75,  pill 

Beowawe,  New 

rainfall  data Ann  22,  iv,  pp  31,32,  33 

Berkeley,  R.  I. 

Blackstone  Canal  near: 

gage  heights .-.  WS  82,  p  58 

Blackstone  River  near: 

description WS  82,  p  56 
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Berkeley,  R.  I.— Continued. 

Blackstone  River  near— Continued. 

discharge WS  82,  p  56 

gage  heights WS  82,  p  57 

Blackstone  River  and  canal  near: 

description WS  65,  p  27 

discharge WS  65,  p  28 

gage  heights WS  65,  pp  28-29 

Berkeley  Springs,  W.  Va. 
Warm  Spring  Run  near: 

discharge Ann  19,  i v,  p  135 

Berner,  Ga. 

Ocmulgee  River  near: 

discharge WS  65,  p  263;  98,  p  102 

Berry,  Idaho. 

Teton  River  near: 

discharge,  monthly Ann  13,  iii,  p  97 

discharge,  yearly Ann  13,  iii,  p  99 

Bethlehem,  Pa. 

Lehigh  River  near: 

description Ann  20,  iv,  pp  86-87; 

WS  65,  p  213 

discharge Ann  20,  iv,  p  87 

gage  heights WS  65,  p  214 

Beulah,  Colo. 

St.  Charles  River  below: 

discharge Bull  131,  p  90 

Beulah,  Wyo. 

Sand  Creek  near: 

discharge Bull  131,  p  90 

Beverly,  Kans. 

Saline  River  near: 

description Ann  18,  iv.  p  210; 

Bull  140,  pp  140-141;  WS  16,  p  112 

discharge Ann  18,  iv,  p  211 ; 

Bull  140,  p  141;  WS  16,  p  112 

discharge,  monthly Ann  18,  iv,  p  212; 

19,   iv,   p  344;  20,  iv, 
p  312;  Bull  140,  p  142 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights Bull  140,  p  141; 

WS  11,  p  58;  16,  p  112 

hydrographs Ann  18,  iv,  p  212; 

19,  iv,  p  345 

rainfall  and  run-off  relation Ann  20, 

iv, p  313 

rating  tables Ann  18,  iv,  p  211: 

19,  iv,  p341 
Bibliography  of  irrigation  in  the  United 

States Ann  13,  iii,  pp  346-349 

Big  Amicalola  Creek,  Ga. 

discharge WS  49,  p  208 

Big  Blackfoot  River,  Mont. 

description Ann  21,  iv,  p  415 

near  Bonner: 

description Ann  20,  iv,  p  491; 

WS  100,  p  410-411 

discharge WS  85,  p  216;  100,  p  411 

discharge  monthly Ann 20,  iv,  p  491; 

21,  iv,  p416;  WS100,  p  413 

gage  heights WS  100,  p  411-412 

hydrograph Ann  21,  iv,  p  416 

rating  tables WS  89,  p  454;  100,  p  412 

See  also  Blackfoot  River. 
Big  Black  River  near— 
Morey,  Miss.: 

discharge WS  98,  p  297 


Big  Black  River  near— Continued. 
Way,  Miss.: 

discharge WS  98,  p  297 

Big  Black  River  basin. 

description WS  98,  p  297 

Big  Blue  Creek,  Colo.,  in- 
Grand  River  basin: 

discharge WS  100,  p  94 

East  Fork,  in  Grand  River  basin,  Colo.: 

discharge WS  100,  p  94 

Big  Blue  River,  Nebr. 

discharge WS  50,  p  310 

near  Blue  Springs: 

discharge WS  50,  p  310 

near  Dewitt.: 

discharge WS  60,  p  310 

near  Wilbur: 

discharge WS  50,  p  310 

near  Wymore: 

discharge WS  66,  p  43 

Big  Bugaboo  Creek  in— 

Yadkin  River  basin,  N.  C: 

discharge WS  49,  p  204 

Big  Cottonwood  Creek,  Nebr.: 

discharge Ann  18,  iv,  p  193 

Big  Cottonwood  Creek,  Utah,  near- 
Salt  Lake  City: 

description WS  51,  p  422 

discharge,  daily. . .  WS  38,  p  344;  51,  p  423 
Big  Creek,  Cal. 

discharge WS  85,  p  160 

near  Summerdale: 

discharge WS  100,  p  307 

Big  Creek,  Ga. 

in  Toccoa  River  basin: 

discharge WS  49,  p  218 

near  Louisville: 

discharge WS  ,fe3,  p  95 

near  Tripp: 

discharge WS  49,  p  207 

Big  Creek,  Idaho. 

discharge WS  100,  p  224 

Big  Creek,  N.  C,  in— 

Nolichucky  River  basin: 

discharge WS  49,  p  214 

Big  Cypress  River  near— 
Pittsburg,  Tex.: 

discharge WS  84,  p  140 

Big  Dry  Run,  N.  C,  in— 
Watauga  River  basin: 

discharge WS  49,  p.  216 

Big  Elk  Creek  near- 
Big  Elk,  Mont,: 

discharge Ann  11,  ii,  p  107 

Big  Elkin  River  in— 

Yadkin  River  basin,  N.  C: 

discharge WS  49,  p  204 

Big  Goose  Creek  near- 
Sheridan,  Wyo.: 

description Ann  18,  iv,  p  137; 

Bull  140,  p  94;  WS  15,  p  77 

discharge Bull  131,  p  91;  140,  p  94 

discharge,  monthly Ann  18,  iv,  p  138 

discharge,  yearly Ann  20  iv,  p  53 

gage  heights Bull  140,  p  94; 

WS11,  p50;  15,  p  77 
rating  table Ann  18,  iv,  p  137 
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Big  Hole  River  near- 
Mel  rose,  Mont.: 

discharge  ...  Ann  11,  ii,  p  107:  13,  iii,  p51 
Bighorn  River: 

irrigation  surveys Ann  13.  iii,  pp  69-70 

map Ann  19,  iv,  p  391 

near  Alamo,  Wyo.: 

discharge Ann  13,  iii.  p.  70; 

19.  iv,  p293 
near  junction  with  the  Yellowstone: 

discharge Ann  13,  iii,  p  65 

near  Lovells  Ferry,  Wyo.: 

discharge Bull  131,  p  91 

near  mouth  of  canyon: 

di  chirge Ann  13,  iii,  p  66 

near  Thermopolis,  Wyo.: 

description WS  37,  p  211; 

49,  p  269:  66,p23;  84, 
PI i   23-24:     99,    p    89 

discharge WS  37,  p  211; 

1'.).  i>  269;  84,  p  21:  99,  p  90 

discharge,  monthly Ann  22,  iv .  p  291; 

WS7f>.  p  123:  99,  p  91 

gage  heights WS  49.  p  269; 

66,  p  2:;;  84,  p  21:  99,  p  90 

hydrograph Ann  22,  iv.  p  291 

rating  tables WS  52,  p  516; 

66,  i'  170:  00,  p  01 
Big  Laurel  Creek  in— 

\i  n  River  basin,  N.  ('.: 

discharge WS  49,  p  210 

Big  Lost  River  near— 
Mackay,  Idaho: 

description WS  100,  p  147 

gage  heights WS  100,  p  447 

Big  Oil  Creek,  Wyo., 

in  Cheyenne  River  basin: 

discharge ws  49,  p  272 

near  B.  A;  M.  Railway  bridge: 

discharge ws  40,  p  272 

Bitr  Pine,  Cal. 

Big  Pine  Creek  near: 

discharge ws  ion.  p  225 

Mill  Creek  near: 

discharge WS  100.  p  225 

Big  Pine  Creek  near- 
Big  Pine,  Cal: 

discharge ws  lee.  22  • 

Big  Pine  and  Owens  River  Canal  near — 
Bishop,  Cal.: 

description ws  ion.  pp  218-219 

discharge WS  100,  p  219 

gage  heights WS  100,  p  219 

Big  Piney  Creek  near— 
Hooker,  Mo.: 

description WS  99,  p  in 

discharge ws  00.  p  lo 

discharged,  monthly WS  00.  p  41 

gage  heights WS  99,  p  40 

ratingtable WS  99,  p  n 

Big  Rapids.  Mich. 

Muskegon  River  near: 

discharge WS  49,  p  250 

Big  Red  Island  Creek,  Va. 
at  mouth: 

discharge Ann  19,  iv,  p  173 


Big  Rock  Creek,  Cal.: 

above  Alberger's  dam: 

discharge Ann  10,  iv,  p  53.') 

at  Palmdale,  Cal.: 

discharge WS  28,  p  190 

Big  Rock  fish  Creek  near — 
McNeils,  N.  C: 

discharge WS  98,  p  30 

Big  Sandy.  Tex. 

Big  Sandy  River  near: 

discharge wssi,  p  in 

Big  Sandy  <  'reek.  Ala. 

description Ann  22,  iv,  p  208 

elevations  and  bench  marks Ann  22, 

IV,  pp  20S-209 
near  Padeville,  Ala: 

description ws  is,  pl74;  65,  p  273 

discharge WS  30,  p  153; 

Is.  p  171;  65,  p  273 

discharge,  monthly Ann  22.  iv.  1 1  200; 

WS75,  p  83 
gage  height-..      ..   WS  48,  p  171;  65,  p  273 

hydrograph Ann  22,  iv,  p  21 

rating  tables WSi',  p  514;  65,  p  322 

profile Ann  22.  iv.  p  208 

Big  Sandy  <  Ireek— 

in  Arkansas  River  !>asin: 

discharge WS  00.  p  300 

Big  Sandy  River,  Tex.,  near- 
Pig  Sandy: 

discharge ws  84,  p  ill 

Pig  Sandy  River,  Wyo.,  near- 
Lander  Cut  off  trail: 

discharge Bull  131,  p  91 

Ten  Trees: 

discharge ws  ion,  p  127 

Big  3ioux  River  near- 
Sioux  Falls,  S.  Dak.: 

description ws  10.  p  271:  66,  p  24 

discharge..  WS49,  p  271;  66  p  24;  84,p  10 

discharge,  monthly ws  75,  p  124 

heights WS  10,  p  271;  66,  p  25 

rating  table WS  00,  p  170 

Watertown,  S.  Dak.: 

description WS49,  p  270;  06,  p  24; 

sip  L5;  09.  pp  42-43 

discharge WS  49,  p  270; 

84,  p  15;  00,  p  43 

discharge,  monthly ws  99,  p  44 

gage  heights ws  40,  p  271; 

66,  p  21:  84,  p  L6;99,  pp  13   11 

rating  table WS  99,  p  44 

I'.i-j  Sioux  River  basin,  S.  Dak.: 

water  storage Ann  22,  iv,  pp  299-306 

-ring,  Ala.,  at— 
Tuscu 

discharge ws  98,  p  293 

Bigspring,  Nebr. 

South  Platte  River  near: 

description ws  84,  pp  72-73: 

00.  pp  176-177 

discharge WS  84,  p  73;  99,  p  177 

discharge,  monthly WS  99,  p  178 

gage  heights WS  84,  p  73; 

99,  pp  177-178 
rating  table WS  99,  p  178 
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Big  Spring  Run,  in— 

Potomac  River  Basin: 

discharge Ann  19,  iv,  p  L48 

Big  Thompson  Creek,  Colo, 
near  Arkins: 

description Ann  18,  iv,  p  174; 

Bull  140,  pp  110-111;  WS 
15,  p  94:27,  p  77;  37,  p  233; 
49,  p  290;  66,  p  36;  84, 
pp  79-£0    99,   pp  188-189 

discharge Ann  18,  iv,  p  175; 

Bull  140,  pill;  WS15,  p  94; 
27,  p  86;  37,  p  233;  49,  p  290; 
66,  p  36:  84,  p  80;   99,   p  189 

discharge,  daily WS  66,  p  36 

discharge,  monthly Ann  13,  iii,  p  93; 

18,  iv,  p  175;  19,  iv,  p  322;  20,  iv, 
pp  264,  288;  21,  iv,  p  209;  22,  iv, 
p  326;  Bull  140,  p  112:  WS  75, 
pp  130,   135;    84,   p    81;    99,   p  191 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  111; 

WS  11,  p  56;  15,  p  94; 
27,  p  83;  37,  p  23  1:  19, 
p291;  84,  p80;  99,  p  190 

hydrographs Ann  1  9,  iv,  p  322; 

20,  iv,  p  289;  21,  iv,  p  210;  22,  iv,  p  326 

rainfall  and  run-off  relation Ann  20, 

iv,  p  266 

rating  tallies Ann  IS,  iv,  p  175; 

19,  iv,  p  321;  Bull  140,  p  111; 
WS  27,  p  SO:  39,  p  448;  52,  p  517; 
66,   p   171;    84,   p  81;    99,   p   190 

seepage  measurements Ann  20,  iv,  p  289; 

WS50.  p305 
Big  Timber  Creek  at— 
Bigtimber  road,  Mont.: 

discharge Ann  11 ,  ii,  p  107 

Bigtimber  road,  Mont. 
American  Fork  at: 

discharge Ann  11,  ii,  p  107 

Big  Timber  Creek  at: 

discharge Ann  11,  ii,  p  107 

Lebo  Creek  at: 

discharge Ann  11,  ii,  p  107 

Sweet  Creek  at: 

discharge Ann  11,  ii,  p  107 

Big  Tonoloway  Creek  near- 
Hancock,  Md.: 

discharge Ann  19,  iv,  p  1  18 

Big  Turniptown  Creek  in— 
Coosawattee  River  basin: 

discharge WS  40,  p  200 

Big  Walker  Creek  near— 
Leavitts,  Cal.: 

discharge Ann  is.  iv,  p  417 

Big  Wood  River.    Set  Malad<    River. 
Biltmore,  N.  C. 

Swannanoa  River  at: 

discharge.  Ann  is.  iv.  p  L23;  WS  49,  p  211 
Binghamton,  N.  Y. 

Chenango  River  near: 

description  ..  WS  82,  pp  143-144;  97,  p  297 
discharge. . . .  WS  82,  pp  144-145;  97,  p  298 
discharge,  monthly WS  97,  p  302 


Binghamton,  N.  Y.— Continued. 

Chenango  River  near— Continued. 

gage  heights WS  82,  pp  145-146; 

-    97,  pp  298-300 

rating  table WS  97,  p  301 

Susquehanna  River  near: 

description. ..  WS82,  pp  146-147;  97,  p  291 

discharge WS  82,  p  150;  97,  p  292 

discharge,  monthly WS  97,  p  206 

gage  heights WS  82,  p  151-152; 

97,  pp  292-294 
gage  height  variations..  WS  82,  p  149-150 

rating  table WS  97,  p  295 

water  powers WS  82,  p  148 

See  also  Ws  109. 
Birch  Creek,  Cal.,  near- 
Bishop: 

discharge WS  100,  p  225 

Fish  Springs: 

discharge WS  100,  p  225 

Birch  Creek,  Mont.,  near— 
Robare: 

discharge • WS  49,  p  269 

Birch  Creek  in— 

Snake  River  desert: 

description Ann  22,  iv,  pp  426-427 

Bird  Creek,  Tenn. 
Bird  Creek  at: 

discharge WS  49,  p  217 

Bird  wood  Creek,  Nebr. 

description Bull  1 10,  p  1 01 

discharge. . .  Ann  20,  iv,  p  298;  Bull  140,  p  101 ; 
WS  39,  p  438;  66,  p  43 
near  Sutherland: 

d  ischarge Ann   18,  iv,  p  206 

Birmingham,  Ala. 

Catawba  River  mar: 

discharge WS  36,  p  155 

Birmingham,  Conn. 

Housatonic  River  near: 

discharge WS  65,  p  90 

Bisbee,  Ariz. 

rainfall  data Ann  12,  ii,  p  307 

Bishop,  Cal. 

Big  Pine  and  Owens  River  Canal  near: 

description WS  100,  pp  21S-219 

discha  rge WS  100,  p  219 

gage  heights WS  100,  p  219 

Birch  Creek  near: 

discharge WS  100,  p  225 

Bishop  Creek  near: 

description WS  100,  pp  21 1-215 

discharge WS  100,  p  215 

gage  heights WS  100.  p  215 

Bishop  Creek  Canal  near: 

description ws  100,  pp  210-211 

discharge WS  100,  p  211 

gage  heights WS  100,  p  211 

canais  and  ditches  near: 

discharge WS  100,  p  225 

Collins  (A.  O.)  canal  near: 

description WS  100,  pp  216-217 

discharge WS  100,  p  217 

gage  heights WS100,  p  217 
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Bishop.  Cal.— Continued. 

Cull  ins  (George)  canal  near: 

description WS  100.  p  213 

discharge WS  100,  p  214 

gage  heights WS  100,  p  214 

Coyote  Creek  near: 

discharge WS  100,  p  225  i 

Dell  Canal  near: 

description WS  100,  pp  217-218 

discharge WS  100,  p  218 

gageheights WS  100,  p  218 

Farmers'  canal  near: 

description WS  100,  pp  211-212 

discharge WS  100,  p  212 

gageheights WS  100.  p  212 

McGee  Creek  near: 

discharge WS  100,  p  225 

McNally  canal  near: 

description WS  100,  p  213 

discharge WS  100,  p  213 

Owens  River  canal  near: 

description ws  100.  pp  209-210 

discharge WS  100,  p  210 

gage  heights WS  100,  p  210 

Kau  son  canal  near: 

description WS  100,  p  215  216 

discharge WS  LOO,  p  216 

gage  heights ws  100,  p  216 

Bison,  Tenn. 

Big  Pigeon  River  near: 

discharge ws  49,  p  217 

Cosby  Creek  near: 

discharge — WS  49,  p  217 

Bitterroot  Forest  Reserve 

hydrographic  features..  Ann  19,  iv,pp460  160 
streams  in: 

discharge Ann  19,  iv.  p  160 

Bitterroot  River,  Mont. 

description Ann  21,  iv,  p  H9 

near  Como,  Mont.: 

description WS  38,  pp  367-368 

discharge Ann  19,  iv,  p  160; 

WS28,  p  169;  38,  p  368 
near  Grantsdale,  Mont.: 

description WS  85,  p  201;  100,  p  408 

discharge WS  85,  p  202;  100,  p  108 

discharge,  monthly WS  85,  p  203: 

100,  p  410 

gage  heights WS  85,  p  202:  LOO,  p  109 

rating  tables WS  85,  p  203;  100,  p  409 

near  Missoula,  .Mont.: 

description WS  28,  p  156;  38,  p  368; 

51.  p433;  66,  p  L31;  1 00,  p  406 

discharge WS  28,  p  168;  38,  p  368; 

51,  p433;  66,  p  132;  100,  p  107 

discharge,  monthly Ann  20,  iv,  p  495; 

21,  iv,  p  420;  22,  iv, 
p  442;  WS  75,  p  199 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights WS  28,  p  163;  38,  p  369; 

51,  p  434;  66,  p  132;  100,  p  407 

hydrographs Ann  21,  iv,  p  420; 

22,iv,p442 

rating  tables WS  28,  p  170; 

39,  p  454;  52,  p  522 


Bitterroot  River  basin: 

description Ann  22,  iv,  p  441 

irrigation  in Ann  20,  iv,  pp  492-495 

Black  Creek,  N.  Y.,  at— 
Grant: 

discharge WS  65,  p  154 

Blackfoot,  Idaho. 
Snake  River  at: 

discharge Bull  131,  p  92 

Blackfoot  River,  Mont. 

description Ann  21,  iv,  p  415 

in  canyon : 

discharge Ann  18,  iv,  p  331 

near  Bonner: 

description Ann  20,  iv,  p  491; 

WS  28,  pp  155-156;  38,  p  362;  51, 
p  430:   66,  p  130;   100,  pp  410-411 

discharge WS  28,  p  168;  38,  p  362; 

51,  p  430;  66,  p  130;  85,  p  216;  100,  p  411 

discharge,  monthly Ann  20,  iv,  p  491; 

21,  iv.  p416;  22,iv,p433; 
WS  75,  p  198;  100,  p  413 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights WS  28,  p  163;  38,  p  363; 

51,  p  131:  tiii.  p  L30;  100,  pp  411-412 

hydrographs Ann  21,  iv,  p  116; 

22,  iv, p  434 

rating  tables ws  28,  pl70; 

39,  p  (51;  52,  p  522;  66,  p  177;  100,  p  412 
Blackfoot  River,  Idaho, 
at  mouth: 

discharge ws  loo,  p461 

near  Presto: 

description WS  100,  p  447 

discharge ws  100,  p  447 

gage  heights ws  100,  p  448 

Blackfoot  River  basin: 

description Ann  18,  iv,  pp  330-331 

Blackfoot  River  reservoir  site: 

area  and  capacity Ann  18,  iv,  p  331 

land  embraced  in Ann  18,  iv,  pp  331-333 

map Ann  18,  iv,  p  332 

Black  Fork  (of  Green  River),  Wyo.: 

description Ann  22,  iv,  pp  360-361 

map Ann  22,  iv,  p  360 

near  Granger: 

description Ann  18,  iv,  pp  268-270; 

19,  iv.  pp  391   392;   20,iv,yp381;  WS  16, 
P  L34;  28,  p  131:  37,  pp  287-288;  50,  p  367 

discharge Ann  is,  iv,  p  270;  WS 

16.  p  134;  28,  p  142;  37,  p  288;  50,  p  367 

discharge,  monthly Ann  18,  iv,  p  271; 

19,  iv,  p  393;  20,  iv,  p  382; 
21,  iv,  p  303;  22,  iv,  p  362 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights WS  11,  p  69; 

16,  p  134;  28,  p  133;  37,  p  288;  50,  p  367 

hydrographs Ann  18,  iv,  p  272; 

19,  iv,  p  393;  20,  iv,  p  382; 
21,  iv,  p  304;  22,  iv,  p  362 

rating  tables Ann  18,  iv,  p  271 ; 

19,  iv,  p  392;  WS  28,  p 
144;  39,  p  451;  52,  p  519 
Black  hawk,  S.  Dak. 

Box  Elder  Creek  near: 

description WS  99,  p  49 
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Blackhawk,  S.  Dak.— Continued. 

Box  Elder  Creek  near— Continued. 

discharge WS  99,  p  50 

gage  heights WS  99,  p  50 

Black  Hills- 
southern  half  of: 

water  resources Ann  21,  iv,  pp  489-599 

Black  Lake  outlet  near— 
Sova,  Mich: 

discharge,  low  water WS  83,  p  297 

Black  Mountain  Station,  N.  C. 
Flat  Creek  near: 

discharge WS  49,  p  212 

Black  River,  Ala. 
near  Cordova: 

discharge,  monthly WS  83,  p  158 

Black  River,  Mich, 
above  Black  Lake: 

discharge,  low- water WS  83,  p  297 

near  Black  River: 

discharge,  low-water WS  83,  p  296 

Black  River.  N.  Y. 

below  Black  River: 

description Ann  18,  iv,  p  468; 

21,  iv,  p  182;  WS  65,  p  105 
near  Carthage: 

discharge,  flood WS  65,  1 1  1 1 15 

near  Felts  Mills: 

description WS  82,  pp  62-63; 

97,  pp  363-364 

discharge,  daily WS  82,  p  63 

discharge,  monthly WS  82,  p  64 

near  Forestville: 

discharge,  flood WS  65,  p  105 

near  Lyons  Falls: 

discharge,  flood WS  65,  p  105 

near  Ontario  paper  mills: 

discharge,  flood WS  65,  p  105 

near  Watertown  (at  Huntington ville  dam): 

description WS  36.  pp  191-192; 

49,  pp  236-237;  65,  pp  102-103 

discharge WS  47,  p  39;  49, 

p  237;  65,  p  103 

discharge,  daily WS  49,  pp 

237-239;  65, p  104 

discharge,  flood WS  63,  p  105 

discharge,  monthly Ann  22,  iv, 

pp  252-253;  WS  35,  p  24;  65,  pp  104-105 

gage  heights WS  36,  pp  192-193 

hydrograph Ann  22  iv,  p  253 

Black  River,  Ohio,  near— 
Elyria: 

description WS  97,  pp  420-421 

discharge WS  97,  p  421 

discharge,  monthly WS  97,  p  422 

gage  heights WS  i»7,  p  421 

rating  table WS  97,  p  422 

Black  River,  Wis.,  near— 
Melrose: 

description WS  83,  p  167;  98,  p  183 

discharge WS  83,  p  167;  98,  p  184 

gage  heights WS  83,  p  168;  98,  p  184 

Black  River  drainage  basin,  N.  Y. 

map Ann  21,  iv.  p  182 

Black  River  drainage  basin,  Wis. 

description WS  83,  p  167;  98,  p  lo3 
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Black  River  Canal. 

Forestport  feeder  of: 

discharge WS  65,  p  143 

Black  Rock,  Cal. 
Clear  Creek  at: 

discharge WS  100,  p  225 

Gooddale  Creek  at: 

discharge WS  100,  p  225 

Blackrock  Harbor. 
Niagara  River  at: 

discharge Ann  20,  iv,  p  224 

Blacksburg,  S.  C. 
Broad  River  at: 

discharge WS  27,  p  45 

Blacksburg,  Va. 

rainfall  data Ann  20,  iv,  pp  132,133,  134 

Blacksmith  Fork,  Idaho: 

discharge Ann  18,  iv,  p  315 

Blacksmith  Fork,  Utah,  near — 
Hyrum. 

description WS  51,  p  412; 

66,  p  119;  85,  p  84 
discharge. .  WS  51,  p 412;  66,  p  119; 85,  p  85 

discharge,  monthly Ann  22,  iv,  p  409; 

WS  75,  p  192;  85,  p  86 

gage  heights WS  51,  p  413; 

66,  p  120;  85,  p  85 

hydrograph Ann  22,  iv,  p  410 

rating  tables WS  52,p  521; 

66,  p  176;  85,  p  86 
Black  Springs  Creek  near— 
Ora,  Idaho: 

discharge WS  85,  p  216 

Blackstone  canal  near- 
Berkeley,  R.  L: 

discharge WS  65,  p  28 

gage  heights WS  65,  p  29;  82,  p  58 

Blackstone  River  near- 
Berkeley,  R.  I.: 

description WS  65,  p  27;  82,  p  56 

discharge WS  65,  p  28:  82,  p  56 

gage  heights WS  65,  p  28;  82,  p  57 

Blacktail  Deer  Creek  at— 
Rondexter,  Mont.: 

discharge Ann  11,  ii,  p  107 

Black  Warrior  River,  Ala. 

description Ann  19,  iv,  p  250;  21,  iv,  p  152 

near  Cordova: 

description WS  48,  p  171; 

83,  p  156;  98,  p  161 

discharge WS  48,  p  171; 

83,  p  157;  98,  p  162 

discharge,  monthly WS  98,  p  163 

gage  heights WS  48,  p  172; 

83,  p.  157;  98,  p  162 

rating  table WS  65,  p  323; 

83,  p  158;  98,  p  163 
near  Tuscaloosa: 

description Ann  18,  iv,  pp  103-105; 

WS  15,  p  57;  27,  p  48;  36, 
pl56;  48,  pl70;  65,  p  284; 
83,  p  154;   98,   pp  159-160 

discharge Ann  18,  iv, 

p  10.3;  WS  15,  p  57;  36, 
pl56;  65,  p  284;  98,  p  160 
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Black  Warrior  River,  Ala.— Continued, 
near  Tuscaloosa— Continued. 

discharge,  monthly Ann  18,  iv,  p  108; 

19,iv,p251;  20,iv,pl94; 
21,iv,pl63;  22,iv,p207; 
WS  75,  p  96;    83,  p  156 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights. . . .  WS  11,  pp  37-40;  15,  p  57; 
27 ,  p  56;  36,  p  157;  48,  p  171 ;  65,  p 
285;    83,  pp  154-155;    98,  p  160 

hydrographs Ann  18,  iv,  p  108 

19,  iv,  p  252;  20.  iv, 
p  195;  21,  iv,  p  153 

rating  tables Ann  18,  iv,  pp  106-107; 

19.  iv,  p251;  WS27,  p 
58;  39,  p  445;  52  p  514; 
65,   p  323;    83,     p    155 
Black  Warrior  River  basin: 

hydrographic  data,  additional 

WS  107,  pp  131-166 
Black  Warrior  River,  Locust  Fork,  near— 
I 'a  Ins,  Ala.: 

description WS  83,  p  159;  98,  p  164 

discharge WS  83,  p  159;  98,  p  165 

discharge,  monthly WS  83,  p  161 : 

98,  p  166 

gage  heights WS  83,  p  160;  9S,  p  165 

rating  table WS  83,  p  160;  98,  p  166 

Black  Warrior  River,  Mulberry  Fork  near- 
Cordova,  Ala.: 

description WS  65,  p  283 

discharge WS  65,  p  283 

discharge,  monthly WS  75,  p  95 

gage  heights WS  65,  p  284 

Blackwell  Springs,  N.  C. 
Turkey  Creek  near: 

discharge WS  49,  p  212 

Blackwood  Creek  near- 
Lake  Tahoe: 

discharge WS  100,  p  232 

i  'ackwood  Spring  near— 
Calhoun,  Ga.: 

discharge WS  36,  p  L48 

Blair's  ranch,  S.  Dak. 
Spring  Creek  at; 

description WS  99,  p  53 

discharge, WS  99,  p  53 

gage  heights WS  99,  pp  53-54 

Blairsville,  Ga. 

Butternut  Creek  near: 

discharge WS  49,  p  217 

Notteley  River  near: 

discharge WS  49,  p  217 

Blake,  Utah. 

Green  River  near: 

description Ann  18,  iv,  pp  275-276; 

Bull  131,  p  48;  140,  pp  202-203;  WS  16, 
p    136;    28,    p    131;    37,    pp     292-293 

discharge Ann  18,  iv,  p  276; 

19,  iv,  p  396;  Bull  131,  pp   48,    92; 
140,  p  202;  WS  16,  p  136;  37,  p  293 

discharge,  monthly Ann  18,  iv,  p  278; 

19,  iv,  p  398;  20,  iv,  pp 
378,  387;  21,  iv,  p  304 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140,  p  203;  WS  11, 

p  70;  16,  p  136;  28,  p  134;  37,  p  293 


Blake,  Utah — Continued. 

Green  River  near — Continued. 

hydrographs Ann  18,  iv,  p  279; 

19,  iv,  p  398;  20,  iv,  p  388;  21,  iv,  p  305 

rainfall  and  run-off  relation Ann  20, 

iv, p  379 

rating  tables Ann  18,  iv,  p  277; 

19  iv,  p  397;  WS  28,  p  144;  39,  p  451 
Blanchard  River  near — 
Ottawa,  Ohio: 

description WS  83,  p  240;  97,  p  426 

discharge WS  83,  p  240;  97,  p  426 

gage  heights WS  83,  240;  97,  p  427 

Blanco  River,  Tex. 

description WS  50,  pp  338-339 

near  San  Marcos: 

discharge WS  50,  p  339 

Blevins  Creek  near- 
Cranberry,  N.  ('.: 

discharge WS  49,  p  216 

Bliss,  Idaho. 

Malade  River  near: 

description WS  38,  p  355 

discharge WS  38,  p  355 

discharge,  monthly Ann  21,  iv,  p  408 

gage  heights WS  38,  p  355 

hydrograph Ann  21,  iv,  p  409 

rating  table WS39,  p  453 

Bloomington  Creek  in  — 

Interior  drainage  basin,  Idaho: 

discharge WS100,  p224 

Bloomsbury,  N.  J. 

M  usconetcong  River  near: 

description "WS  97,  p  254 

discharge WS97,  p  254 

gage  heights WS  97,  p  254 

Blue  Canyon  Creek  in— 

Santa  Ynez  River  basin,  Cal.: 

discharge WS  100,  p  346 

Blue  Creek,  Ala.,  near- 
Susanna: 

discharge WS  49,  p  210 

Blue  Creek,  Nebr.: 

description Bull  140,  p  101 

discharge. .  Ann  19,  iv,  p335;  20,  iv,  p  298;  Bull 
1  1(1,  p  101;  WS  39,  p  438;  50,  p  310;  84,  p  93 
near  head  of  Graff  ditch: 

discharge WS  50,  p  310 

Blue  Creek,  Okla.: 

discharge WS  99,  p  320 

Bluefield,  W.  Va. 

rainfall  data Ann  20,  iv,  pp  199,  201,  202 

Blue  Lakes,  Idaho. 

Blue  Lakes  Creek  near: 

discharge WS  85,  p  216 

Blueridge,  Ga. 

Charley  Creek  near: 

discharge WS  98,  p  293 

Fightingtown  Creek  near: 

discharge WS  98,  p  293 

Toccoa  River  near: 

description WS  27,  p  60;  36,  pp 

171-172;  48,  p  193;   65,  p 
310;  83,  p  208;  98,  p  25.8 

discharge WS  27,  p  65;  36,  p  172;  48, 

p  193;  65,  p  310;  83,  p  208 
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Blueridge,  Ga.— Continued. 

Toccoa  River  near— Continued. 

discharge,  monthly Ann  21,  iv, 

p  166;  22,  iv,  p  227;  WS  75, 

p  108;   83,  p  210;   98,  p  259 

gage  heights ....  WS  27,  p  64;  36,  p  172;  48, 

pl93;  65,  p  311;  83,  pp  208-209;  98,  p  258 

hydrographs Ann  21,  iv,  p  167; 

22,  iv,  p  227 

rating  tables WS  27,  p  66;  39,  p  446; 

52,  p  515;  65,  p  324;  83,  p  209;  98,  p  259 
Weavers  Creek  near: 

discharge WS  49,  p  218 

Blue  River,  Ariz. 

description Ann  21,  iv,  p  339 

near  Alma,  Ariz.: 

discharge Ann  21,  iv,  p  339 

Blue  River,  Colo.,  near— 
Kremmling: 

discharge WS  66,  p  98 

Blue  River,  Kans.-Nebr. 

description Ann  19,  iv,  p  347;  21,  iv,  j»  J'-'ii 

near  Beatrice,  Nebr.: 

discharge Ann  20,  iv,  p  298 

near  Crete,  Nebr.: 

discharge WS  84,  p  112 

near  De  Witt,  Nebr.: 

discharge Ann  20,  iv,  p  298 

near  Manhattan,  Kans.: 

description Ann  18,  iv,  pp  215-216; 

Bull  140,  p  144;  WS  16,  p  115; 
27,  p  90;  37,  p  252;  50,  p317;  66, 
p  46;   84,    pp  97-98;   99,  p  211 

discharge Ann  18,  iv,  p  216;  Bull 

140,  p  144;  WS  16,  p  115;  27,  p  95;  37,  p 
252;  50,  p  317;  66,  p46;  84,p98;  99,  p  212 

discharge,  monthly Ann  18,  iv,  p  218; 

19,  iv,  p  348;  20,  iv,  pp  312,  319; 
21,  iv,  p  227;  22,  iv,  p  337;  WS 
75,  p  143;  84,   p  99;    99,    p  213 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights Bull  140,  p  145; 

WSll,p59;  16,  p  115;  27, 
p  94;  37,  p  253;  50,  p  318; 
66,  p  46;  84,  p  98;  99,  p  212 

hydrographs Ann  18,  iv,  p  219; 

19,  iv,  p  349;  20,  iv,  p  319; 
21,  iv,  p  227;  22,  iv,  p  337 

rainfall  and  run-off  relation Ann  20, 

iv,  p  313 

rating  tables Ann  18,  iv,  p  217; 

19,  iv,  p  348;  WS  27,  p  96; 
39,  p  449;  52,  p  518;  66,  p 
172;    84,    p   99;    99,    p  213 
near  Milford,  Nebr.: 

discharge Ann  20,  iv,  p  298 

near  Seward,  Nebr.: 

discharge Ann  20,  iv,  p   298; 

WS  84,  p  112 
near  Wymore,  Nebr.: 

discharge WS  84,  p  112 

Blue  River  basin: 

description Bull  140,  p  144 

Blue  Spring  at— 
Juliet,  Fla.: 

discharge WS  27,  p  45 


Blue  Springs,  Nebr. 

Big  Blue  River  near: 

discharge WS  50,  p  310 

Bluff  City,  Tenn. 

South  Fork  of  Holston  River  at: 

description WS  48,  p  182; 

65,  p  297;  83,  p  227;  98,  pp  287-288 

discharge WS  48,  p  182; 

65,  p  297;  83,  p  227;  98,  p  288 

discharge,  monthly WS  83,  p  229; 

98,  p  290 

gage  heights "WS  48,  p  183; 

65,  p  298;  83,  p  228;  98,  pp  288-289 

rating  tables WS  65,  p  323; 

83,  p  228;  98,  p  289 
Bluffton,  Ohio. 

rainfall  data WS  75,  pill 

Boardman  Creek,  Nebr. 

discharge Ann  29,  iv,  p  298; 

WS  39,  p  438 
Boardman  River  near— 
Kalkaskia,  Mich.: 

discharge WS  97,  p  439 

Traverse  City,  Mich.: 

description WS  97,  p  439 

discharge WS  97,  p  439 

gage  heights WS  97,  p  410 

Boardtown  Creek  in— 

Coosawattee  River  basin: 

discharge "WS  49,  p  209 

Board  Tree  Creek  in— 

Etowah  River  basin,  Ga.: 

discharge WS  49,  p  208 

Boca,  Cal. 

Little  Truckee  River  near: 

discharge Ann  11,  ii,  p  108; 

WS  51 ,  p  405 

discharge,  monthly Ann  13,  iii,  p  95 

discharge,  yearly Ann  20,  iv,  p  59 

hydrograph Ann  12,  ii,  p  324 

See  also  Little  Truckee  River  near 
Pine  station. 
Little  Truckee  River  and  flume  near: 

discharge,  monthly Ann  11,  ii,  p  101 

Prosser  Creek  near: 

description  . . .  WS  85,  p  122;  100,  p  199-200 

discharge WS  85,  p  122 

discharge,  monthly Ann  11,  ii,  p  101; 

13,  iii,  p  95 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights WS  85,  p  122;  100,  p  200 

hydrograph Ann  12,  ii,  p  324 

Truckee  River  near: 

discharge,  monthly Ann  11,  ii,  p  101; 

13,  iii,  p  95 

discharge,  yearly Ann  20,  iv,  p  59 

hydrograph Ann  12,  ii,  p  324 

Bodie  Creek  ditches, 
in  Nevada: 

discharge WS  100,  p  240 

Boelus,  Nebr. 

Middle  Loup  River  at: 

discharge Ann  19,  iv,  p335;  20,  iv,  p300 

Boggs  Creek,  Colo.,  at  mouth. 

discharge WS  99,  p  311 

Boggy  Creek,  Nebr. 

discharge Ann  20,  iv,  p  298;  WS  39,  p  438 
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Boise,  Idaho. 

Boise  River  near: 
See  Boise  River. 
New  York  eanal  near: 

discharge WS  85,  p  216 

rainfall  data Ann  20,  iv,  pp  470,  472,  474; 

22,  iv,  pp  31,  32,  33 
Snake  River  near: 

discharge,  monthly WS  7-i,  p  201 

Boise  River,  Idaho: 

canals  and  ditches  from: 

description Ann  10,  iv,  pp  451-453 

discharge WS  38,  pp  358-359; 

51,  p  429;  100,  pp  459-460 

description Ann  21 ,  iv,  p  411 

near  Boise: 

description Ann  18,  iv,  pp  340-3 11 : 

19,  iv,  pp  452-453;  Bull  131,  p  66; 
140,  p  236;  WS  16,  p  168;  28,  p  155; 
38,  pp  356-357;  51,  p  427;  66,  p  L28; 
85,    pp    207-208;    100,    pp   436-437 

discharge Ann  18,  iv,  p  3  12; 

Bull  140,  p236;  WSlti,  p  168; 
28,  p  168;  38,  p  357;  51,  p  427; 
t\(>,  p  128;  85,  p  208;  100,  p  138 

discharge,  monthly Ann  is,  iv,  p  343; 

19,  iv,  p  454;  20,  iv,  pp  473,  183; 
21,  iv,  p  111:  22,  iv,  p  131; 
WS    85,    p     210;      L00,     p      139 

discharge,  yearly Ann  20,  iv,  p62 

gage  heights Bull  140.  p  236; 

WS  11,  i>  81;  16,  p  L68; 
28,pl61;  38,p357;  51, p  128; 
66,  p  128;  85,  p  209;  100,  p  438 

hydrographs Ann  18,  iv,  p  314; 

19,  iv,  p  151;  20,  iv,  p  183; 

21,  iv.  p    112;  22,  iv,  p    132 

rainfall  and  run-off  relation..  Ann  20,  iv, 

p  171 

rating  tables Ann  is,  iv,  p  312; 

19,  iv,  p    153;  WS  28,    p    169;  39,  p  15:;; 
52,  p522;  66,  p  L76;  85,  p  209;   inn.  p  139 
near  Caldwell; 

description Ann  18,  iv,  pp  344  345; 

Bull  110.  p  237 
discharge.  Ann  18.  iv,  p  3 15;  Bull  1 10,  p  237 

discharge,  monthly Ann  18,  iv.  p  3 15 

gage  heights.  Bull  140,  p  237;  WS  11.  p82 

rating  table Ann  18,  iv,  p  345 

Boise  Valley,  Idaho: 

miscellaneous  stream  measurements  .  ws.5i, 

P  429 

seepage  measurements Ann  20.  iv,  pp 

184-  188;  WS  66,   p   129;  85, 
pp  210-212:  100,  pp  158-460 
Bolan  ditch  in— 

Beaver  Creek  drainage  basin,  S,  Dak.: 

discharge WS  99,  p  135 

Bonair,  Va. 

rainfall  data WS  75,  pp  15,46,50 

Bone  Creek,  Nebr.: 

discharge WS  39,  1 1  438 

near  Ainsworth: 

discharge Ann  20,  iv,  p  298 

near  Long  Pine,  Nebr.: 

discharge. .  Ann  20,  iv,  p  298;  WS  27,  p  88 


Bonner,  Mont. 

Blackfoot  River  near: 

description Ann  20,  iv,  p  491; 

WS  28,  pp  155-156;  38, 
p  362;  51,  p  430;  66, 
p  130;    100,  pp  410-411 

discharge WS  28,  p  168; 

38,  p362;  51,  p  430;  66,  p 
130;  85,  p  216;  100,  p  411 

discharge,  monthly Ann  20,  iv, 

p  491;  21,  iv,  p  416;  22,  iv, 
p  433;  75,  p  198;  100,  p  413 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights WS  28,  p  163; 

38,  p363;  51,  p  431;  66, 
p  130;  100,  pp  411-412 

hydrographs Ann  21,  iv,  p  416; 

22,  iv,  p  434 
rating  tables....  WS  28,  p  170;  39,  p  454; 
52,  p  522;  66,  p  177;  100,  p  412 
Boone  Fork  of  Watauga  River  at — 
Shull's  mill,  N.  C: 

discharge WS  49,  p  215 

Boon  ton,  N.J. 

Rockaway  River  near: 

description WS97,p233 

discharge WS  97,  p  233 

discharge,  daily WS  97,  p  235 

gage  heights WS  97,  p  234 

Bordeaux  Creek,  Big,  Nebr.     >>,  Big  Bordeaux. 
Bosque  River  near- 
Waco,  Tex.: 

description ws  (\t\,  p  59 

discharge '. WS  66,  p  59 

Bound  Brook,  N.  J. 

Ka titan  River  near: 

description ws  97,  p  239 

discharge WS  82,  p  127;  97,  p  240 

gage  heights WS97,  p240 

Boundary  Creek  in— 

Hudson  Bay  drainage  basin: 

discharge ws  100,  p504 

Boulder,  Colo. 

Boulder  Creek  at.    See  Boulder  Creek. 
North  Boulder  Creek  near: 

hydrograph Ann  L3,  iii,  p  87 

discharge,  monthly Ann  13,  iii,  p  93 

Boulder  (reek  near- 
Boulder,  Colo.: 

description Ann  18,  iv,  p  171; 

Bull  140,  pp  108-109;  WS  15,  p  92;  27, 
p  77;  37,  p  231;  49,  pp  287-288;  66,  p  33 

discharge Ann  18,  iv,  p  171; 

Bull  140,  p  109:  WS  15,  p  92,  27, 

P  86;  37,  p  231;  49,  p288;  66,  p  33 

discharge,  monthly Ann  18,  iv,  p  172: 

19,  iv,  p  319;  20,  iv,  pp  263,  286;  21,  iv, 
p  207;  22,  iv,  p  324;  WS  75,  pp  129,  135 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights Bull  140,  p  109; 

WS11,  p55;  15,  p92;27,  p  82; 

37,  p  231;  49,  p  288;  66,  p  34 
hydrographs Ann  19,  iv,  p  320; 

20,  iv,  p  287;  21,  iv,  p  208;  22,  iv,  p  324 
rainfall  and  run-off  relation Ann  20, 

iv,  p  266 


H  wood™]      UNITED    STATES    GEOLOGICAL    SURVEY,   1888-1903.  37 


Boulder  Creek  near — Continued,. 
Boulder,  Colo.— Continued. 

rating  tables Ann  18,  iv,  p  171; 

19,  iv,  p  319;  WS  27,  p  89; 
39,  p  448;  52,  p  517;  66,  p  171 
Boulder  Creek  in— 

Hudson  Bay  drainage  basin: 

discharge WS  100,  p  504 

.seepage  computations WS  50,  p  304 

Bowdoin,  Mont. 

Beaver  Creek  overflow  channel  near: 

description WS  99,  pp  101-102 

discharge WS  99,  p  102 

gage  heights WS  99,  pp  102-103 

Bowlder  Creek  near- 
Bowlder  Lake,  Wyo.: 

discharge WS  100,  p  127 

Bowlen  Creek  near— 
Burnsville,  N.  C: 

discharge "WS  49,  p  214 

Bowling  Green,  Ohio: 

rainfall  data WS  75,  p  111 

Boxelder,  Colo. 

rainfall  data WS  75,  pp  132, 133,  137 

Box  Elder  Creek: 

at  Blackhawk,  S.  Dak.: 

description WS  99,  ] i  49 

discharge WS  99,  p  50 

gage  heights . .  WS  99,  p  50 

in  Missouri  River  basin: 

discharge WS  99,  p  135 

Boyds  Corners,  N.  Y. 

rainfall  data Ann  20,  iv,  pp  82-83 

Boylston  Creek  in — 

French  Broad  River  basin,  N.  C: 

discharge WS  49,  p  211 

Bozeman  Creek  near— 
Bozeman,  Mont.: 

discharge WS  15,  p  75;  66,  p.  23 

Bozeman,  Mont. 

Bozeman  Creek  near: 

discharge WS  15.  p  75;  66,  p  23 

Middle  Creek  near: 

description Ann  18,  iv,  p  127: 

19,  iv,  p  271;  20,  iv,  pp  242-243; 
Bu'l  140,  p  88;  WS  15,  p  07;  27, 
p  68;  36,  pp  196-197;  49,  p  261; 
84,   pp    43-44;     99,   pp    129-130 

discharge Ann  18,  iv,  |  •  1 27 ; 

Bull  140,  p88;  WS15,  p  67; 
27,  p  74;  36,  p  197;  49,  p 
261,    84,   p    44,     99,    p    130 

discharge,  daily Bull  140,  p  89 

discharge,  monthly Ann  18,  iv,  p  128; 

20,  iv,  p  234,  243;  21,  iv,  p 
183;  22,  iv,  p  281;  Bull  140, 
p  89;   WS  75,  p  116;   84,  p  45 

gage  heights WS  11,  p  48; 

27,  p  70;  36,  p  197;  49,  p  262;  84,  p  44 

h  yd rograph Ann  21,  i v ,  i  •  1 83 

rating  tables Ann  18,  iv,  p  128; 

WS27,  p75;  39,  p446;  52,  p516:  84,  p  15 

rainfall  data Ann  13,  iii,  ]>,  40; 

20,  iv.  pp232,  2:::;,  235 
Rocky  Creek  near: 

discharge WS  15;  p  75 


Bozeman,  Mont.— Continued. 
Shields  River  near: 

discharge WS  15,  p  75 

West  Gallatin  River  above: 

discharge,  monthly Ann  11,  ii,  pp  93; 

12,  ii,  pp  346,  360 

hydrograph Ann  12,  ii,  p  228 

Brackett  Creek  at— 

Shields  Creek,  Mont.: 

discharge Ann  11,  ii,  p  107 

Brackettville,  Tex. 

Las  Moras  Spring  near: 

discharge Bull  140,  p  85;  WS  37,  p277 

Brainerd,  Minn. 

Mississippi  River  near: 

discharge Ann  22,  iv,  p  219 

Bramlett  Shoals,  Ga. 
Alcovy  River  at: 

discharge WS  49,  p  207 

Shoal  Creek  at: 

discharge WS  49.  p  207 

Branch  River,  N.  H.: 

description Ann  22,  iv,  p  73 

Brasstowh  Creek  near— 
Brasstown,  Ga.: 

discharge "WS  49,  p  217 

Bratts  ditch  at — 

Sutherland,  Nebr.: 

discharge Ann  18,  iv,  p  206 

Brazos  River  near- 
Brazos,  Tex.: 

discharge WS  28,  p  130 

Harlans  Ford,  Tex.: 

discharge WS  28,  p  130 

Lewis,  Tex.: 

description WS  28,  p  118;  37,  p  273 

discharge WS  28,  p  129 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights "WS  28,  p  121;  37,  p  273 

Richmond,  Tex.: 

description "WS  84,  p  147;  99,  p  329 

discharge WS  84,  p  147;  99,  p  330 

■     discharge,  monthly WS  99,  p  332 

gage  heights WS  99,  pp  330-331 

rating  table WS  99,  p  331 

Waco,  Tex.: 

description WS  28,  p  118; 

37,  p  272;  50,  p  333;  66,  p  58-59; 

si,  pp  143-144;   99,  pp   325-326 

discharge  ....  WS  28,  p  129;  37,  p  272;  50, 

p  334;  66,  p  59;  84,  pp  144-145;  99,  p  327 

discharge,  monthly...  WS  75,  pp  150-151; 

84,  p  116;  99,  p  328 

gage  heights WS  28,  p  121;  37,  p  273; 

50,  p  334;  66,  p  59;  84,  p  145;  99,  p  327 

rating  tables WS  66,  p  173; 

St,  pl46;  99,  p  328 
Brazos  River  basin,  Tex.: 

description Ann  21,  iv,  p  254-255; 

WS  84,  p  1  ):'>;  99,  p  325 
Breckenridge,  <  '<>1<>. 

rainfall  data. .  Ann  20,  iv,  pp  375,  376,  379,  396, 
398,  399;  WS  75,  pp  132,  133,  137 
Bretton  Woods,  X.  H. 

Ammonoosuc  River  near: 

description ws  97,  pp  89-90 
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Bretton  Woods,  N.  H.— Continued. 

Ammonoosuc  River  near— Continued. 

discharge WS  97,  p  90 

gage  heights WS  97,  p  90 

Brewerton,  N.  Y. 

Oneida  River  near: 

description WS  65,  pp  131-132 

gage  heights WS  65,  p  132 

Brewster,  Nebr. 

North  Loup  River  near: 

discharge WS  39,  p  440 

Brick  House,  Mich. 
Grand  River  near: 

discharge WS  49,  p  245 

Bridal  Veil  Creek  in— 
Yosemite  Valley,  Cal.: 

discharge WS  100,  pp  306-307 

Bridgeport,  Cal. 

Green  Creek  near: 

discharge WS100,  p230 

Stoney  Creek  near: 

discharge,  low-water WS51,  p  180 

Bridgeport,  Nebr. 

North  Platte  River  near: 

description..."  WS84,p64;  99,  pp  159-160 

discharge WS  84,  p  65;  99,  pp  L60  L61 

discharge,  monthly WS  84,  p  66; 

99,  p  162 

gage  heights WS  84,  p  65;  99,  p  161 

rating  tables WS84,  p66;  99,  p  162 

Bridgeport,  N.  Y. 

Chittenango  Creek  near: 

description WS  36,  pp  184-185; 

49,  pp  223-224;  65,  pp  112-113 

discharge WS  17.  p  39 

discharge,  daily WS  36,  p  185; 

19,  pp  224-225;  65,  p  L13 

discharge,  monthly Ann  '^,  iv,  p244; 

WS  35,  p  24 

hydrographs Ann  21,  iv,  p  181; 

22,  iv,  p245 
Bridgeton,  Ala. 

East  Cahaba  River  near: 

discharge WS  98,  p.  170 

Bridgewater,  N.  C. 

Linnville  River  near: 

description WS  48,  p  L42; 

83,  pp  80  81 

.  discharge WS  48,  pi  12;  83,  p  81 

discharge,  monthly WS  <s:;.  p  82 

gage  heights WS  18,  p  142;  83   p  81 

rainfall  data ws  83,  p  82 

rating  table WS  83,  p  82 

Muddy  Creek  near: 

discharge WS  19,  p  205 

Paddy  Creek  near: 

discharge WS  4*),  p  205 

Brier  Creek  near— 
Waynesboro,  Ga.: 

discharge WS  83,  p  95;  98,  p  70 

Whitepath,  Ga. 

discharge WS  49,  p  209 

Brier  Creek,  branch  of,  at— 
Whitepath,  Ga.: 

discharge WS  49,  p  209 


Briscoe  River,  Cal. 

above  proposed  dam  site: 

discharge WS  66,  p  167 

Broadheads  Bridge,  N.  Y.: 
Esopus  Creek  at: 

discharge WS  47,  p  36 

Broad  Kiver  (of  the  Carolinas). 

description Ann  19,  iv,  p  215;  21,  iv,  p  125 

discharge, miscellaneous. . .  WS 49, pp 205-206 
Tiear  Alston,  S.  C: 

description Ann  18,  iv,  p  67; 

WS  15,  p  37;  27,  p  28;  36,  p  125;  48, 
p  146;  65,  p  250;  83,  p  82;  98,  p  48 

discharge Ann  18,  iv,  p  68;  WS  15,  p 

37;  27,  p44;  36,  pl25;  48,  p  146; 
65,    p  250;   83,    p  82;   98,   p  48 

discharge,  monthly Ann  20,  iv,  p  151; 

21,  iv,   p  128;   22,   iv,   p  158; 
WS  75,  p  60;  83,  p  84;  98,  p  51 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  18; 

15,  p  37;  27,  p  39;  36,  p  125;  48,  p 
147;  65,  p  250;  83,  p  83;  98,  p  49 

hydrographs Ann  20,  iv,  p  152; 

21 ,  iv,  p  128;  22,  iv,  p  158;  WS  75,  p  60 

rating  tables WS27,  p45;  39,  p  444; 

52,  p  512;  65,  p  320;  83,  p  83;  98,  p  50 
near  Hlacksburg,  S.  C: 

discharge WS  27,  p45 

near  Carlisle,  S.  C: 

discharge WS  98,  p  55 

near  Dellinger,  S.  C: 

description WS  48,  p  145;  65,  p  249 

discharge WS  48,  p  145 

gage  heights WS  48,  p  1  16:  65,  p  249 

near  Gaffney,  S.  C: 

cross  sections Ann  21,  iv,  p  125 

description Ann  18,  iv,  pp  65-66; 

WS  15,  p  36;  27,  pp 
27-28;  36,  pp  123-124 

discharge Ann  18,  iv,  p  66; 

WS  15,  p36;  27,  p  44;  36,  p  124 

discharge,  monthly Ann  18,  iv,  p  67; 

19,  iv, p  220;  21,  iv,  p  126 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  18; 

15,  p36;  27,  p38;  36,  p  124 
hydrographs.  Ann  19,  iv,  p221;  21,  iv,  pl27 

rating  tables Ann  18,  iv,  p  66; 

19,  iv,  p220;  WS39,  p  444 

water  powers Ann  19,  iv,  pp  215-219 

St  >  (OSO WS  (53,  pp.  139-146 

Broad  Kiver  (of  Georgia)— 

description Ann  19,  iv,  p225;  21,  iv,  p  132 

near  Baker's  Ferry: 

discharge ws  49,  p  207 

near  Carlton,  Ga.: 

description WS  15,  p  40; 

27,  p  31;  36,  pp  131-132;  48,  p  151 
65,   p    255;    83,    p    92;    98,    p    63 

discharge WS  15,  p  40;  27,  p  44; 

36,  pl32;  48,  p  151;  49,  p  207; 
65,  p  255;    83,  p  93;    98,  p  63 

discharge,  monthly Ann  19,  iv,  p  227; 

20,  iv,  p  163;  21,  iv,  p  132;  22,  iv,  p 
163;   WS  75,  p  65;  83,  p  94;  98,  p  65 
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Broad  River  (of  Georgia)— Continued, 
near  Carlton,  Ga.— Continued. 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  15,  p  40; 

27,  p  42;   36,  p  132;  48,  p  152; 
65,  p  256;    83,  p  93;    98,  p  64 

hydrographs Ann  19,  iv,  p  226; 

20,  iv,  p  163;  21,  iv,  p  133;  22,  iv,  p  163 

rating  tables...  Ann  19,  iv,  p  226;  WS  27, 

p46;   39,  p444;  52,  p  513; 

65,  p  321;  83,p94;  98,  p  64 

near  mouth  of  South  Fork  (below): 

discharge Ann  19,  iv,  p  227 

Broad  River,  Ga.,  Middle  Fork: 
near  Homer: 

discharge WS  49,  p  207 

Broad  River,  Ga.,  North  Fork: 
near  Toccoa: 

discharge WS  49,  p  207 

Broad  River,  Ga.,  South  Fork: 
near  Carlton: 

discharge WS  49,  p  207 

near  mouth: 

discharge Ann  19,  iv,  p  227 

Broad  Run,  Va.: 

discharge Ann  19,  iv,  p  140 

Bronco  Creek,  Cal.: 

discharge Ann  11,  ii,  p  65 

near  Bronco: 

discharge Ann  11,  ii,  p  108 

Broncho,  N.  Dak. 
Knife  River  at: 

description WS  99,  p  68 

discharge WS  99,  p  69 

discharge,  monthly WS  99,  p  70 

gage  heights WS  99,  p  69 

rating  table WS  99,  p  70 

Brooks,  Nebr. 

White  Clay  Creek  at: 

discharge WS  39,  p  440 

Brown  Creek  in— 

Nolichucky  River  basin,  N.  C: 

discharge WS  49,  p  213 

Brown  ditch  in — 
Spearfish  Valley: 

discharge WS  99,  p  136 

Brownlee,  Nebr. 

North  Loup  River  near: 

discharge WS  39,  p  440 

Browns  Creek  in  — 

Washoe  Valley,  Nev.: 

discharge WS  100,  p  231 

Bruch  Creek  in- 
Carbon  County,  Wyo.: 

discharge WS  84,  p  94 

Bruneau  River,  Idaho: 

canals  from Ann  19,  iv,  p  450 

description Ann  21,  iv,  p.  409 

near  Grand  view: 

description Ann  18,  iv,  pp  339-340; 

20,  iv,  p  481;  Bull  140,  pp  239- 
240;  WS  16,  p  167;  28,  p  155; 
38,  p  356;  51,  p  426;  66,  p  127; 
85,    p     212;     100,     pp     441-442 


Bruneau  River,  Idaho— Continued, 
near  Grandview— Continued. 

discharge Ann  18,  iv,  p  340; 

Bull  140,  p  240;  WS  100,  p  442 

discharge,  monthly Ann  19,  iv,  p  450; 

20,  iv,  pp  473,482;  21,  iv, 
p   410;    Bull  140,   p    240 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights Bull  140,  p  240; 

WS  16,  p  167;  28,  p  161;  38,  p  356;  51, 
p  427;  66,  p  127;  85,  p  213;  100,  p  442 

hydrographs Ann  18,  iv,  p  341; 

19,  iv,  p  451;  20,  iv,  p  482;  21,  iv,  p  410 

rainfall  and  run-off  relation Ann  20, 

iv,  p  474 

rating  tables WS  28,  p  169;  39,  p  453 

near  mouth : 

discharge,  monthly Ann  18,  iv,  p  340 

near  Owyhee,  Idaho: 

gage  heights WS  11,  p  81 

Bruns  Creek  in— 

Carson  River  basin: 

discharge WS  85,  p  126 

Brunt,  N.  C. 

Rockfish  Creek  near: 

description WS  83,  p  48;  98,  p  29 

discharge WS  83,  p  49;  98,  p  29 

gage  heights WS  83,  p  49;  98,  p  30 

Brush  Creek  in — 

Nolichucky  River  basin,  N.C.: 

discharge WS  49,  p  213 

Brush  Creek  near- 
Carter  Tenn.: 

discharge WS  49,  p  216 

Brushy  Fork  of  Cove  Creek- 
Watauga  River  basin,  N.  G: 

discharge WS  19,  p  216 

Bryson,  Cal. 

Nacimiento  Creek  near: 

description WS  66,  p  154 

discharge WS  66,  p  154 

discharge,  monthly WS  75,  p  219 

gage  heights WS  66,  p  154 

Bryson,  N.  C. 

Tuckaseegee  River  near: 

description Ann  18,  iv,  pp  116-117; 

Bull  110,  p  82;  WS  15,  p  61; 
27,  p  59;  36,  p  167;  48,  p  188; 
65,  p  304;  83,  p  218;  98,  p  273 

discharge Ann  18,  iv,  p  117;  Bull  140, 

p  82;  WS  15,  p  61;  27,  p  65;  36,  p  167; 
48,  p  189;  65,  p  304;  83,  p  218;  98,  p  274 

discharge,  monthly Ann  20,  iv,  p  206; 

21,  iv,  p  162;  22,  iv,  p  223;  WS 
75,  p  104;  83,  p  220;  98,   p  275 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights WS  11,  p  42;  15,  p  61 ; 

27,  p63;  36,  p  168;  48,  p  189; 
65,  p  305;  83,  p  219;  98,  p  274 

hydrographs Ann  20,  iv, 

p  206;  21,  iv,  p  162 

rating  tables WS  27,  p  66; 

39,  p446;  52,  p  515;  65  p 
324;  83,  p  219;  98,  p  275 
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Buchanan,  Mich. 

St.  Joseph  River  near: 

description WS  83,  pp  262-263; 

97,  pp  460-461 

discharge,  daily WS  83,  pp  263-264 

discharge,  monthly WS  83,  p  265 

Buchanan,  Va. 

James  River  near: 

description Ann  18,  iv,  p  39;  Bull  140, 

p  63;  WS  15,  p  24;  27,  p  10; 
35,  p  97;  48,  p  128;  65,  p  236; 
82,    pp   186-187;    97,  p  336 

discharge Ann  18,  iv,  p  39; 

Bull  140,  p64;  WS  15,  p  24; 
27,  p  24;  35,  p  97;  48,  p  128; 
63,  p  236;  82,  p  187;  97,  p  337 

discharge,  monthly Ann  18,  iv,  p  41; 

19,  iv,  p  172;  20,  iv,  pp  134,136; 
21,  iv,  p  108;  22,  iv,  p  146; 
WS  75,  pp  43, 49;  82,  p  188;  97,  p  338 

discharge,  yearly Ann  20,  iv,  p  49 

gage  heights Bull  140,  p  64; 

WS  11,  p  12;  15,  p  24;  27, 
p  23;  35,  p  98;  48,  p  12S;  65, 
p    237;    82,     p     187;    97,   p    337 

hydrographs Ann  18,  iv,  p  11; 

19.  iv,  p  171;  20,  iv.  p  136; 

21,  iv,  pl09;  22,  iv,  p  117 

rainfall  and  run-off  compared. WS  75,  p50 

rating  tables Ann  Is,  iv,  p  Hi; 

19,    iv,    p   172;   WS   39,    p  143;   52, 
p  512;  65,  p  319;  82,  p  1*8;  97,  p  338 
Buchanan  reservoir  project,  Cal.: 

engineering  features Ann  13,  iii, 

pp   314-316 
Buck  Creek,  Nebr. 

discharge Ann  20,  iv,  p  298 

Buck  Creek,  N.  C,  in— 
Catawba  River  basin: 

discharge WS  49,  p  204 

Buckeye  Creek,  Cal.: 

discharge WS  85,  | >  1 26,  100,  p  230 

ditches  from: 

discharge WS  100,  pp  236-237 

Buckhead,  Ga. 

Apalachee  River  near: 

description WS  65,  p  258; 

83,  p  104;  98,  pp  90-91 

discharge WS  65,  p  259; 

83,  p  104;  98,  p  91 

discharge,  monthly WS  75,  p  66-74; 

83,  p  106;  98,  p  92 

gage  heights WS  65,  p  259; 

83,  p  1D5;  98,  p91 
rating  tables WS  65,  p  321 ; 

83,  p  106;  98,  p  92 
Buckhead  Creek  near— 

Milieu,  Ga.: 

discharge WS  83,  p  95;  98,  p  79 

Buckingham,  Va. 

rainfall  data Ann  20,  iv,  pp  132,133,134; 

WS  75,  pp  45,  46,  50 
Buckley,  Wash. 

White  River  near: 

description WS  38,  p  381;  51,  p  445; 

66,  p  138;  85,  p  217;  100,  p  462 

discharge WS  38,  p381;  51,  p  446 

discharge,  monthly Ann  21,  iv,  p  437 


Buckley,  Wash.— Continued. 

White  River  near— Continued. 

gage  heights WS  38,  p  382; 

51,  p  446;  66,  p  138;  85, 
p  218;  100,  pp  462-463 

hydrograph Ann  21 ,  i v,  p  437 

rating  table WS  39,  p  455 

Buckman,  N.  Mex.    See  Rio  Grande. 
Buena  Vista,  Colo. 

Middle  Fork  Cottonwood  Creek  near: 

discharge,  monthly Ann  11,  ii,  p96 

South  Fork  Cottonwood  Creek  near: 

discharge,  monthly Ann  11,  ii,  p  97 

Buena  Vista  Lake  reservoir,  Cal. 

description Ann  18,  iv,  pp  701-702 

Buff  and  Berger  meter: 

rating  table  for Bull  140,  p  340 

Buffalo,  N.  Y. 

Niagara  River  below: 

description WS  36,  pp  181-182 

discharge,  monthly WS  36,  p  183 

Buffalo,  Wyo. 

Clear  Creek  near: 

description Ann  18,  iv,  pp  138-140; 

19,  iv,  p  297;  20,  iv,  p  250;  WS 
15,  p  78;  27,  p  69;  37,  p  212; 
19,  p  270:    84,  p  20;    99,   p  74 

discharge Bull  131,  p  90; 

WS  15,  p  78;  99,  p  75 

discharge,  monthly Ann  18,  iv,  p  140; 

19,  iv,   p  298;    20,  iv,  p  250; 
21,  iv,   p  191;    WS  99,  p  76 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights WS  11,  p  50; 

15,  p78;  27,  pp  73-74;  37,  p  213; 

49,  p  270;  81,  p  20;  99,  pp  75-76 

hydrographs...  Ann  18,  iv,  p  141;  19,  iv, 

p298;  20,  iv,  p251;  21,  iv,  p  191 

rating  tables Ann  18,  iv,  p  140; 

WS27,  p76;  39,p447;  99,p76 
Buffalo  canal  in— 

Arkansas  River  basin: 

discharge WS  99,  p  306 

Buffalo  Creek,  Colo. 

discharge WS  99,  p  306 

Buffalo  Creek,  Idaho,  near- 
Flat  Rock: 

discharge WS  100,  p  461 

Buffalo  Creek,  Nebr.: 

discharge WS  50,  p  310;  84,  p  92 

near  Moores  Ranch,  Nebr.: 

discharge...  Ann  IN,  iv,p  206;  20,  iv,p  298 
Buffalo  Creek.  N.  C,  in- 
Broad  River  basin: 

discharge WS49,  p  205 

Buffalo  Creek,  N.  C,  in- 
New  River  basin: 

discharge WS  49,  p  210 

Buffalo  Creek,  Tenn.,  in— 
Watauga  River  basin: 

discharge WS  49,  p  216 

Buffalo  Creek,  Va.,  in- 
North  (of  James)  River  basin: 

discharge Ann  19,  iv,  p  171 

Buffalo  Creek,  Va.,  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  173 
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Buffalo  Creek,  W.  Va.,  near- 
Bayard: 

discharge Ann  19,  iv,  p  142 

Buffalo  Creek,  Wyo. 

at  mouth : 

discharge WS  100,  p  461 

Buffalo  Gap,  S.  Dak. 

Beaver  Creek  near: 

discharge WS  49,  p  272;  99,  p  135 

Lame  Johnny  Creek  near: 

discharge WS  49,  p  272 

Buffalo  Springs,  Colo. 

South  Fork  South  Platte  River  at: 

discharge WS  84,  p  94 

Buford,  Colo. 

Marvine  Creek  near: 

description WS  100,  p  101 

discharge WS  100,  p  102 

discharge,  monthly WS  100,  p  102 

gage  heights WS  100,  p  102 

rating  table WS  100,  p  102 

North  Fork  White  River  near: 

description WS  100,  pp  99-100 

discharge WS  100,  p  100 

discharge,  monthly WS  100,  p  101 

gage  heights WS  100,  p  100 

rating  table WS  100,  p  100 

South  Fork  White  River  near: 

description WS  100,  pp  97-98 

discharge WS  100,  p  98 

discharge,  monthly WS  100,  p  99 

gage  heights WS  100,  p  98 

rating  table WS  100,  p  99 

lite  Creek  near: 

discharge WS  100,  p  103 

Buford,  Ga. 

Chattahoochee  River  near: 

description WS  65,  p  268 

discharge WS  36,  p  141;  65,  p  268 

discharge,  monthly WS  75,  p  78 

gage  heights WS  85,  p  269 

rating  table WS  65,  p  321 

Bull  Creek  near— 

Claxton,  Ga.: 

description WS  98,  p  80 

Bullochville,  Ga. 

Cold  Spring  near: 

discharge Ann  19,  iv,  p  240 

Bull  Run  Creek  in— 

Kern  River  basin,  Cal.: 

discharge WS  100,  p  307 

Bulls  Head,  Ariz. 

Colorado  River  near: 

description  ....  WS  85,  pp  20-21;  100,  p  29 

discharge WS  85,  p  21;  100,  p  30 

gage  heights WS  100,  p  31 

Bullskin  Run  in— 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  137 

Bully  Creek  near- 
Vale,  Oreg.: 

description WS  100,  p  428 

discharge WS  100,  p  429 

gage  heights WS  100,  p  429 

Bumping  Lake  reservoir  site,  Wash.: 

description Ann  19,  iv,  pp  473-476 

map Ann  19,  iv,  p  475 


Burdens  Run  in — 

North  River  basin,  Va.: 

discharge Ann  19,  iv,  p  171 

Burkhalter,  Cal. 

Juniper  Creek  near: 

discharge WS  51,  p  405 

Burns,  Oreg. 

Silvies  River  near: 

description WS  100,  pp  431-432 

discharge WS  100,  p  432 

discharge,  monthly WS  100,  p  433 

gage  heights WS  100,  pp  432-433 

rating  table WS  100,  p  433 

Burney  River  below— 
Burney  Falls,  Cal.: 

discharge WS  100,  p  305 

Burnside,  Ky. 

Cumberland  River  near: 

discharge WS  83,  p  202 

Burnsville,  N.  C. 
Bald  Creek  near: 

discharge WS  49,  p  214 

Bowlen  Creek  near: 

discharge WS  49,  p  214 

Cattail  Branch  near: 

discharge WS  49,  p  213 

Price  Creek  near: 

discharge WS  49,  p  214 

Burton,  Ga. 

Tallulah  River  near: 

discharge WS  49,  p  206 

Burton  Creek,  Nebr. 

discharge Ann  20,  iv,  p  298 

Burwell,  Nebr. 

Calamus  River  near: 

discharge Ann  18,  iv,  pl93; 

20,  iv,  p  298:  WS  39,  p  438;  84,  p  92 
North  Loup  River  near: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  300;  WS  39,  p  440;  84,  p  92 

rainfall  data Ann  20,  iv,  pp  257, 261, 265 

Bush  Creek,  Colo.,  above- 
junction  with  Slate  River: 

discharge WS  100,  p  94 

Buskirk,  N.  Y. 

Hoosic  River  near: 

description WS  97,  pp  219-220 

discharge WS  97,  p  220 

gage  heights WS  97,  p  221 

Butler,  Tenn. 

Roan  Creek  near: 

description WS  48,  p  184; 

65,  p  299;  83,  p  232 

discharge WS  85,  p  299;  83,  p  233 

discharge,  monthly WS  83,  p  235 

gage  heights WS  48,  p  184; 

65,  p  299;  83,  pp  233-243 

rating  table WS  83,  p  234 

Watauga  River  near: 

description WS  48,  p  183; 

65,  p  298;  83,  p  229 

discharge WS  48,  p  183; 

85,  p  298;  83,  p  230 

discharge,  monthly WS  83,  p  232 

gage  heights WS  48,  p  183; 

65,  p298;  83,  pp  230-231 
rating  table WS  83,  p  231 
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Butte,  Mont. 

rainfall  data WS  75,  pp  115, 117 

Butternut  Creek  at— 
Blairsville,  Ga.: 

discharge WS  49,  p  217 

Buttes,  Ariz, 
dam  site  at: 

cross  section Ann  21,  iv,  p  362 

description Ann  21,  iv,  pp  362-363 

Gila  River  near: 

description Ann  18,  iv,  p  286; 

19,  iv,  pp  415-416;  Bull  140,p207;  WS 
16,   p   147;   28,   p   133;   38  pp  316-317 

discharge Ann  18,  iv,  pp  287-289; 

Bull   140,    p   207;  WS   16,  p 
147;  28,  p  142;  38,  pp  317-318 

discharge,  monthly Ann  11,  ii,  p  100; 

12,  ii,  p  306;  13,  iii,  p  95;  18,  iv,  p 
290;  19,   iv,  p  416;  21,  iv,   p  331 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  59 

gage  heights WS  11,  p  72: 

16,  p  14S;  28,  p  140;  38,  p  319 

hydrographs Ann  12,  ii,  p  306; 

18,  iv,  p  291;  19,  iv,  p  417;  21,  iv,  p  331 

rating  tables Ann  18,  iv,  p  289; 

19,  iv,  p416 
Buttes  reservoir,  Gila  River,  Ariz. 

area  and  capacity Ann  18,  iv,  p  292 

description....  Ann  18,  iv,  pp  291-292,  719-720 

map Ann  18,  iv,  p  292  (pi.) 

Buzzard  Flopper  Creek  in— 
Etowah  River  basin,  Ga.: 

discharge WS  49,  p  208 

Byars  Creek,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  215 

Byram  River  at— 

Pemberwiek,  Conn.: 

description WS  97,  p  119 

discharge,  daily WS  97,  p  120 

Byram  River  drainage  basin- 
description  WS  97,  pp  118-119 

Byram  River,  East  Branch  of— 
near  Greenwich,  Conn.: 

description WS  97,  p  121 

discharge WS  97,  p  122 

discharge,  daily WS  97,  p  122 

discharge,  monthly WS  97,  p  123 

rainfall  data WS  97,  p  123 

Byram  River,  Middle  Branch  of— 
near  Riverville,Conn.: 

description WS  97,  p  123 

discharge WS  97,  p  123 

gage  heights WS  97,  p  124 

Byram  River,  West  Branch  of— 
near  Port  Chester,  N.  Y.: 

description WS  97,  p  120 

discharge,  daily WS  97,  p  121 

Byrd  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  171 

Byrd's  (J.  R.)  spring,  near  Fairmount,  Ga. 

discharge WS  36,  p  147 

Byron,  Colo. 

Arkansas  River  near: 

description Bull  131,  pp  39-40 


Byron,  Colo.— Continued. 

Arkansas  River  near— Continued. 

discharge WS  99,  pp  305-306 

gage  heights Bull  131,  p  40 

C. 

Cabazon  ditch,  Cal. 

discharge,  low-water WS  39,  p  436 

Cacapon  River,  W.  Va. 

description Ann  19,  iv,  p  135 

discharge Ann  19,  iv,  p  135 

Cache  Creek,  Cal. 

description WS  51,  p  453 

discharge WS  51,  p  453 

discharge,  low- water Ann  22,  iv,  p  495; 

WS  51,  p  480 
near  Lower  Lake: 

*  description WS  66,  p  144; 

85,  p  130;  100,  pp  266-267 

discharge WS  66,  p  144; 

85,  p  130;  100,  pp  267-268 

discharge,  monthly WS  75,  p  21J; 

85,  p  132;  100,  p  269 

gage  heights WS  66,  p  145; 

85,  p  131;  100,  p268 

rating  tables WS  66,  p  178; 

85,  pl31;  100,  p  269 
near  Woodlands,  Cal.: 

discharge WS  85,  p  157 

near  Yolo,  Cal.: 

description WS  100,  p  264 

discharge WS  100,  p  264 

discharge,  monthly WS  100,  p  266 

gage  heights WS  100,  p  265 

rating  table WS  100,  p  265 

reservoir  sites  on: 

description Ann  22,  iv,  pp  492-494 

Cache  Creek  tributaries,  Cal.: 

discharge WS  51,  p  453 

Cache  La  Poudre  River- 
irrigation  surveys Ann  13,  iii,  pp  88-90 

near  Fort  Collins,  Colo.: 

description Ann  20,  iv,  p  290; 

Bull    131,    pp  30-31;    140,  p  112: 
WS  37,  p  235;  49,  p  291;  66,  p  ;!6 

discharge Ann  11,  ii,  p  44; 

Bull  140,  p  112 

discharge,  daily Bull  131,  p  31; 

WS  37,  pp  235-237; 
49,  p  292;    66,  p  37 

discharge,  monthly Ann  11,  ii,  p  95; 

12,  ii,  pp348,  360;  13,  iii,  p  94; 
22,  iv,   p  327;    WS  75,   p  130 

discharge,  yearly Ann  13,  iii,  ]>  98; 

20,  iv,  pp  55,  291 

hydrographs Ann  12,  ii,  p  238; 

20,  iv,  pp  292,  293 
near  Greeley,  Colo.: 

description WS  99,  pp  186-187 

discharge WS  66,  p  55;  99,  p  187 

discharge,  monthly WS  99,  p  188 

gage  heights WS  99,  p  187 

rating  table WS  99,  p  188 

seepage  computations WS  50,  p  305 

Cache  la  Poudre  River  basin,  Colo.: 

description Ann  11,  ii,  p  44 
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Cache  Valley,  Utah. 

description Ann  12,  ii,  pp  330-334 

Caddoa,  Colo. 

Caddoa  Creek  at: 

discharge WS  99,  p  307 

Caddoa  bridge,  Colo. 
Arkansas  River  at: 

discharge WS  99,  p  305 

Caddoa  Creek  at— 
Caddoa,  Colo.: 

discharge "WS  99,  p  307 

mouth : 

discharge WS  99,  p  307 

Cahaba  River,  near— 
Centerville,  Ala.: 

description WS  65,  ] i  28! ! ; 

83,  p  129;  98,  p  129 

discharge WS  65,  ] »  283; 

83,  p  129;  98,  p  129 

discharge,  monthly WS  83,  p  130; 

98,  p  131 

gage  heights WS  65,  p  283; 

83,  p  129;  98,  p  130 

rating  tables WS  83,  p  130;  98,  p  130 

Cahaba  River  basin: 

hydrographic  data WS  107,  pp  118-131 

Calabasas,  Cal. 

Malibu  Creek  near: 

description WS  100,  pp  322-323 

discharge WS  100,  p  323 

discharge,  monthly WS  100,  p  325 

gage  heights WS  100,  p  324 

rating  table WS  100,  p  324-325 

Triumfo  Creek  near: 

description WS  100,  pp  322-323 

discharge WS  100,  p  325 

discharge,  monthly WS  100,  p  327 

gage  heights WS  100,  p  326 

rating  table WS  100,  pp  326-327 

Calais,  Me. 

St.  Croix  River  near: 

water  power Ann  19,  iv,  pp  51-52 

Calamus  River  near— 
Burwell,Nebr.: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  298;  WS  39,  p  438;  84,  p  92 
Calaveras  Creek,  Cal. 

discharge,  low- water Ann  22,  iv,  p  496; 

WS  39,  p  432;  51,  p  480 

discharge,  yearly Bull  140,  pp  311, 312 

Caldwell,  Ga. 

Arququah  Creek  near: 

discharge WS  49,  p  217 

Stink  Creek  near: 

discharge WS  49,  p  217 

Town  Creek  near: 

discharge WS  49,  p  217 

Wolf  Creek  near: 

discharge WS  49,  p  217 

Caldwell,  Idaho. 
Boise  River  near: 

description Ann  18,  iv,  pp  344-345: 

Ball  140,  p.  237 

discharge Ann  18,  iv,  p  345; 

Bull  140,  p  237 
discharge,  monthly Ann  18,  iv,  p  345 


Caldwell,  Idaho— Continued. 
Boise  River  near— Continued. 

gage  heights Bull  140,  p  237; 

WSll,p82 

rating  table Ann  18,  iv,  p  345 

canals  near: 

discharge WS  51,  p  429 

Calhoun,  Ga. 

Blackwood  Spring  near: 

discharge _  WS  36,  p  148 

Calhoun,  S.  C. 

Eighteenmile  Creek  near: 

discharge WS  98,  p  70 

Twelvemile  Creek  near: 

discharge WS  98,  p  70 

Calhoun  Falls,  S.  C. 

Beaverdam  Creek  near: 

discharge WS  83,  p  95 

rainfall  and  run-off  relation.  Ann  20,  iv,  p  161 
Rocky  River  near: 

discharge WS  83,  p  95 

Savannah  River  near: 

description Ann  18,  iv,  pp  73-74; 

WS  15,  p  39;  27,  p  28;  36,  p  129;  48, 
p  149;  65,  p  253;  83,   p  90;  98,  p  60 

discharge Ann  18,  iv,  p  75; 

WS  15,  p  39;  27,  p  44;  36,  p  129;  48, 

p  150;  65,  p  253;  83,  p  90;  98,  p  61 

discharge,  monthly....  Ann  19,  iv,  p  224; 

20, iv,  pp  160, 164;  21,  iv,  p  134; 22, iv, 

p  161;  WS  75,  p  63;  83,  p92;  98,  p  62 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  19; 

15,   p  39;  27,   p  40;  36,   p  130;   48, 
p  150;  65,  p  254;  83,  p  91;  98,  p  61 

hydrographs Ann  19,  iv,  pp  224, 225; 

20,iv,pl64;  21,iv,pl34;  22,iv,pl61 

rating  tables Ann  18,  iv,  p  75; 

19,  iv,  p  223;   WS  27,  p  46;   39,  p  444; 
52,  p  513;  65,  p  320;  83,  p  91;  98,  p  62 
Caliente  Creek,  Cal. 

description Bull  140.  pp  264-266 

near  base  of  foothills: 

discharge,  yearly Bull  140,  pp  311, 312 

Caliente  Creek  basin,  Cal. 

rainfall  data Bull  140,  p  264 

Calif  on,  N.  J. 

South  Branch  Raritan  River  near: 

discharge WS  82,  p  127 

California: 

earthen  dams  in,  described  and  figured. .  Ann 
18,  iv,pp  698-703 

evaporation  data WS  81,  pp  20-32 

hydraulic  dam  construction  in. . .  Ann  18,  iv, 

pp  649-654, 655-657 

hydrography  of,  by  J.  B.  Lippincott..WS  81, 

pp  1-488 
irrigation  surveys  in: 

engineering  reports Ann  11,  ii, 

pp  150-183;  13,  iii,  pp  398-409 

masonry  dams  in Ann  18,  iv,  pp  661-698 

projected  reservoirs  in. .  Ann  18,  iv,pp  703-715 

rainfall  and  run-off  relation  in WS  75, 

pp  225-231;  81,  pp  14-20 
rainfall  in: 

relation  between  elevation  and . .  Bull  140, 

p329 
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California— Continued. 

rainfall  tables WS  81,  pp  420-478 

reservoirs  in: 

capacities  and  areas Ann  18,  iv, 

pp  727-739 

reservoir  sites  in Ann  20,  iv,  p  533; 

22,  iv,pp  498-502 

surveys  of  Ann  10,  ii.pp  59,61-62; 

11,  ii.pp  150-183;  12,ii,pp  10-54 
rock-fill  dams  in...  Ann  18,  iv,  pp  627-644, 648 
California,  Southern: 
drainage  of: 

descriptii  m Ann  20,  iv,  pp  538-539; 

WS75,  p219;  100,  p  309 
rainfall  data..  WS  52,  pp  495-496:  66,  pp  168  169 
seepage  measurements  . . .  ws  100,  pp  339-343 

well  construction WS  52,  pp  497-497 

California  mountains: 

rainfall  data Ann  20,  iv,  pp  560  -561 

California  rivers: 

discharge,  maximum  Hood 


methods  of  measurement  of 


....WS81, 
pp  410-412 

. .  Bull  140, 
pp  312-313 

Set  also  names  of  rivers. 

California  State  engineers: 

stream  measurements  by.  Bull  140,  pp  310-314 
California-Nevada  State  line: 
Truekee  River  at: 

description WS  38,  p331;  51,  p  403; 

66,  p  112:  85,  pp  119-120;  100,  pp  192-193 

discharge WS  38,  p331;  51,  p  W3; 

66,  p  111';  85,  p  120;  100,  p  193 

discharge,  monthly Ann  22,  iv,  p  104; 

WS  75,  p  185;  85,  p  121;  100,  p  194 

gage  heights WS  38,  p  331 ;  51 ,  p  404; 

i,f,,  p  113;  100,  pp  193-194 

hydrograph Ann  22,  iv,  p  404 

rating  tables WS  52,  p  521 ; 

66,  |>  175;  85,  p  120;  100,  p  194 
Callaway,  Nebr. 

South  Loup  River  near: 

discharge..  Ann  is,  iv,  p  193;  20,  iv,  p300 
Calloway  canal,  Cal.: 

discharge Ann  19,  iv,  p  536 

engineering  features...  Ann  13,  iii,  pp  168-179 
Calowa  River  near- 
Forks,  Wash.: 

description WS  16,  p  184; 

28,  p  171:  38,  p  386;  51,  p  448 

discharge Ann  19,  iv, 

p504;  WS16,  p  184;  28, 
P  17tl;  38,  p386;  51,  p  448 

discharge,  monthly Ann  20,  iv,  p  522; 

22,  iv,  p460 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  16,  p  184;  28,  p  175; 

38,  p  386;  51,  p  449 

hydrograph Ann  20, 

iv,  p  522;  22,  iv,  p  460 

rating  tables WS  28,  p  176;  39,  p  455 

See  also  Kalowa. 
Calumet  River  in— 

Lake  Michigan  drainage  system: 

description Ann  18,  iv,  p  471 


Camas  Creek,  Idaho. 

description Ann  11,  ii,  p  84 

discharge Ann  11,  ii,  p  84 

Cambridge,  Nebr. 

Medicine  Creek  near: 

discharge WS  50,  p  311 

Republican  River  near: 

discharge WS  50,  p  31 1 

Camden,  Ark. 

Ouachita  River  near: 

discharge WS  84,  p  140 

Camden,  N.  Y. 

Fish  Creek  near: 

discharge,  flood WS  65,  p  108 

Camden,  S.  C. 

Wateree  River  near: 

description WS  36,  p  123;  98,  pp  40-41 

discharge WS  98,  pp  41,54 

gage  heights WS  98,  p  41 

Cameron,  Tex. 

Little  River  near: 

discharge WS  66,  p  61 

<  amp  Clarke,  Nebr. 

North  Platte  River  near: 

description Ann  18,  iv,  pp  153-154; 

19,  iv,  pp  305-306;  WS  15,  p  85;  27, 
p  76;  37,  pp  219-220;  49,  pp  276-277 

discharge Ann  13,  iii,  p  82; 

is,  iv,  p  151;  20,  iv,  pp301,  302; 
Bull  131,  p  91;  140,  p  101;  WS15, 
P  85;  27,  p  86;  37,  p  220;  49,  p  277 

discharge,  daily Ann  is,  iv,  p  155 

discharge,  monthly.  Ann  IS  iv,  p  156j  19, 
iv,  1-309;  20,  iv,pp263,208; 
21,  iv,  p  198;  22,  iv,  p  313 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights WS  15,  p  85; 

27,  p  80;  37,  p  220;  49,  p  277 

hydrographs Ann  19,  iv,  p  309; 

20,  i  v,  p  2(19;  21,  iv.  p  198;  22,  iv,  p314 

rainfall  and  run-off  relation Ann  20, 

iv,  p  266 

rating  tables Ann  18,  iv,  p  154;  19,  iv, 

P  308;  WS27,  p88;  39,  p  447 
("amp  Creek  near- 
Camp  Creek,  Ga.: 

discharge WS  49,  p  217 

McDonough,  6a.: 

discharge. WS  65,  p  263 

Camp  Crook,  S.  Dak. 

Little  Missouri  River  near: 

description ws  99,  p  73 

discharge ws  99,  p  74 

gage  heights WS  99,  p  74 

Camp  Douglas.  Utah- 
rainfall  data Ann  22,  iv,  pp  34, 35 

Camp  Grant,  Ariz. 

rainfall  data Ann  12,  ii,  pp  300, 317 

Campo,  Cal. 

rainfall  data WS  52,  pp  495, 496; 

66,  pp  168,169 
Camp  Sheridan,  Yellowstone  National  Park: 

rainfall  data Ann  13,  iii,  p  67 

Camp  Thomas,  Ariz. 

rainfall  data Ann  12,  ii,  p  300 
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Camp  Verde,  Ariz. 

rainfall  data Ann  12,  ii,  p  300 

Canadian  Pacific  Railway- 
hydraulic  fills  on Ann  18,  iv,  pp  657-659 

Canadian  River  basin— 

description Ann  18,  iv,  p  245; 

Bull  131,  p  40;  140,  pp  167-168 
Canadian  River,  North  Fork  of,  near— 
Elreno,  Okla.: 

description WS  84,  p  114;  99,  p  244 

discharge WS  84,  p  114;  99,  p  244 

gage  heights WS  84,  p  114;  99,  p  244 

Eufaula,  Ind.  T.: 

description WS  37,  p  269 

discharge WS  37,  p  269 

gage  heights WS  37,  p  270 

Oklahoma,  Okla.: 

description WS  37,  pp  268-269 

discharge WS  37,  p  269 

gage  heights WS  37,  p  269 

Woodward,  Okla.: 

description WS  99,  p  245 

gage  heights WS  99,  p  246 

Cane  Branch  in— 

Nolichucky  River  basin,  N.  C: 

discharge WS  49,  p  213 

Cane  Creek  near— 
Dahlonega,  Ga.: 

discharge Ann  19,  iv,  p  240 

discharge WS  49,  p  208 

Cane  Creek  in- 
Broad  River  basin,  N.  C: 

discharge WS  49,  p  206 

Cane  Creek  in — 

Catawba  River  basin,  N.  C: 

discharge WS  49,  p  205 

Cane  Creek  in— 

Nolichucky  River  basin,  N.  C: 

discharge WS  49,  p  213 

Cane  Creek,  Tenn.,  at— 
Belltown: 

discharge , WS  49,  p  217 

Caney  Creek  in- 
French  Broad  River  basin,  N.  C: 

discharge WS  49,  p  211 

Caney  River  at— 
Huntdale,  N.  C: 

discharge WS  49,  p  213 

Cannon  Ball  River  at— 
Stevenson,  N.  Dak.: 

description WS  99,  p  64 

discharge WS  99,  p  65 

gage  heights WS  99,  p  65 

Cannoochee  River  near— 
Claxton,  Ga.: 

discharge WS  98,  p  79 

Groveland,  Ga.: 

description WS  98,  pp  71-72 

discharge WS  98,  pp  72, 79 

discharge,  monthly WS  98,  p  74 

gage  heights WS  98,  pp  72-73 

rating  table WS  98,  p  73 

Canton,  Ga. 

Etowah  River"  near: 

description Ann  18,  iv,  pp  94-95: 

WS  15,  p  48;  27,  pp  47-48; 
36,  pp  143-144;  48,  p  160;  65,  p 
275;   83,  p  148;  98,  pp  153-154 


Canton,  Ga.— Continued. 

Etowah  River  near— Continued. 

discharge Ann  18,  iv,  p  95; 

WS  15,  p  48;  27,  p  57;  36,  p  144;  48, 
p  160;  65,  p  275;  83,  p  149;  98,  p  154 

discharge,  monthly Ann  18,  iv,  p  96; 

19,  iv,  p  242;  20,  iv,  pp  181, 189; 
21,  iv,  p  145;  22,  iv,  p  193;  WS 
75,   p.  89;    83,   p  151;    98,   p  156 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  11,  pp  25-27; 

15,  p  48;  27,  p  51;  36,  p  144;  48, 
p  161;  65,  p  276;  83,  p  149;  98,  p  155 

hydrographs Ann  18,  iv,  p  96; 

19,  iv,  p  243;  20,  iv,  p  190; 
21,  iv,  p  145;  22,  iv,  p  193 

rainfall  and  run-off  relation Ann  20, 

iv,  p  181 

rating  tables Ann  18,  iv,  p  95;  19,  iv,  p 

242;  WS  27,  p  58;  39,  p  445;  52,  p  514; 
65,  p  322;  83,  p  150;  98,  pp  15.5-156 
Canyon,  Colo. 

Arkansas  River  near: 

description Ann  11,  ii,  pp  47-48; 

18,  iv,  p  225;  Bull  131,  pp  35-36;  140, 
p  156;  WS  16,  p  119:  28,  p  107;  37, 
pp  258-259;  50,  pp  323-324;  66,  pp 
48-49;  84,  pp  133-134;  99,  pp  297-298 

discharge Ann  14,  ii,  p  107; 

18,  iv,  p226;  Bull  131,  p  90,  91, 

92;  140,  p  157;  WS  16,  p  119; 

28  p  116;  37,  p  259;  50,  p  324; 

66,  p  49;  84,   p  135:    99,  p  299 

discharge,  monthly  ..  Ann  11,  ii,  pp48, 97; 

12,  ii,  pp  349,  360;  13,  iii,  p  94;  14,  ii,  pp 

108-109;  18,  iv,  p  227;  19,  iv,  p  35;  20, 

iv,  pp  329,  331-335;  21,  iv,  p  231;  22,  iv, 

p  341;  WS  75,  p  145;  84,  p  136;  99,  p  301 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  56 

gage  heights Bull  131,  pp  36-37;  140, 

p  157;  WS  11,  p  60;  16,  p  119; 
28,  p  110;  37,  p  259;  50,  p  324; 
66,  p  49;  84,  p  135;  99,  p  299 

hydrographs Ann  12,  ii,  p  242; 

14,  ii,  p  107;  19,  iv,p  357;  20,  iv, 
p336;  21,  iv,  p  231;  22,  iv,  p  341 

rainfall  and  run-off  relation Ann  20, 

iv,  p  330 

rating  tables Ann  18,  iv,  p  226;  19, 

iv,  p  355;  Bull  131,  p  36;  WS 
28,  p  117;  39,  p  450;  52,  p  518; 
66,  p  172;  84,  p  135;  99,  p  300 
Canyon  City  ditch  near: 

discharge WS  99,  p  307 

ditches  near: 

discharge Bull  131,  pp  90, 92; 

WS  99,  pp  309-310 

rainfall  data Ann  20,  iv,  pp  326,  327,  330 

Canyon  Bridge,  Wyo. 
Wolf  Creek  at: 

discharge Bull  131,  p  91 

Canyon  City  ditches  at— 
Canyon,  Colo.: 

discharge WS  99,  pp  307,  309-310 

Canyon  Creek  near- 
Boise,  Idaho: 

discharge Ann  11,  ii,  p  84 
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Canyon  Creek,  East, 

above    head   gate    of    Paradise   Canal, 
Idaho: 

discharge Ann  18,  iv,  p  315 

Canyon  Crest  Park  in— 

San  Bernardino  Valley,  Cal.: 

water  supply Ann  19,  iv,  p  561 

Canyon  Ferry,  Mont. 
Missouri  River  at : 

discharge Ann  13,  iii,  p  39 

discharge,  monthly Ann  11,  ii,  p  94; 

13,  iii.  p  92 

discharge,  yearly Ann  ] 3,  iii,  p  98 

Cape  Fear  River,  N.  C. 

description Ann  21,  iv,  pp  118-119 

near  Fayetteville: 

description..  Ann  18,  iv,  p  54;  Bull  140,  p 
69;  WS  15,  p  31;  27,  p  26;  36,  p  115;  48, 
p  137;  65,  p  244;  83,  pp  31-32;  98,  p  27 

discharge Ann  18,  iv,  p  5 1 ; 

Bull  140,  p  69;  WS  15,  p  31;  27,  p  44;  36, 
p  115;  48,  p  137;  65,  p  244;  83,  pp  32.-33 

discharge,  monthly Ann  18,  iv,  p  56; 

19,  iv,  pl93;  20,  iv.  p  145;  21, 
iv,  p  119;  22,  iv,  p  155;  WS 
75,  p  56;  83,  pp  42-48;  98,  p  29 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights Bull  140,  p  69; 

WS  11,  p  16;  15.  p  31;  27, 
p36;  36,  i'  116;  48,  p  138;  65, 
p246;  83,  pp  33-41;  98,  p  28 

hydrographs Ann  18,  iv,  p  57;  19,  iv,  p 

193;  20,  iv,  p  145;  21  iv,  p 
11 9;  22  iv,pl55;  WS7.\p:>6 

rainfall  data WS   83,  pp  12   18 

rating  tables Ann  18,  iv,  pp  55-56; 

19,  iv.  192;  WS  27,  p  45; 
39,  p443;  52,  p  512;  65,  i> 
320;    83,   p  42;    98,   p  28 
Cape  Fear  River  drainage  basin: 

declivity  tables WS  83,  p  27 

description WS  83,  p  26;  98,  pp  26-27 

floods WS  83,  p  28 

map WS  88,  p  53 

physical  features WS  83,  pp  29-31 

rainfall  run-off  data WS  83,  pp  51-60 

water  powers Ann  19,  iv,  pp  187  192; 

WS  83,  pp  28-31 
Capitol  City,  Colo. 

Henson  Creek  near: 

discharge WS  100,  p  94 

Carbon,  Cal. 

Hat  Creek  near: 

discharge ws  loo,  p  305 

Carbon  Creek,  Colo. 

above  junction  with  Ohio  Creek: 

discharge WS  100,  p  94 

Carder  Creek. 

in  Etowah  River  basin,  i  \a ; 

discharge WS  49,  p  208 

near  Emma,  Ga: 

discharge WS  49,  p  208 

Cardston,  Alberta. 

St.  Mary  River  near: 

description. .  WS  85,  p  225;  100,  pp  476-477 
discharge WS  85,  p  225;  100,  p  477 


Cardston,  Alberta— Continued. 

St.  Mary  River  near — Continued. 

discharge,  monthly WS  100,  p  479 

gage  heights WS  85,  p  226;  100,  p  478 

rating  table WS  100,  p  478 

Carey,  Ga. 

Oconee  River  near: 

description Ann  18,  iv,  pp  78-79; 

WS15,  p41;  27,p31 

discharge Ann  18,  iv,  p  79; 

WS  15,  p  41;  27,  p  44;  49,  p  207 

discharge,  monthly Ann  19,  iv,  p  228; 

20,  iv,  pp  161,  171;  WS  75,  p  75 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights.  WS11,  p21;  15,  p41;  27,  p43 

hydrograph Ann  19,  iv,  p  229 

rainfall  and  run-off  relation Ann  20, 

iv,  p  161 

rating  tables Ann  18,  iv,  p  79; 

19,  iv,  p  228;  WS  27,  p  46 
Careys  Ranch,  Nebr. 

Pumpkinseed  Creek  near: 

discharge.  Ann  18,  iv,  p206;  Bull  140,  p  101 
Carillon,  Canada: 
Ottawa  River  at: 

discharge Ann  20,  iv,  p  227 

Carlisle,  S.  C. 

Broad  River  near: 

discharge ws  98,  p  55 

Carlsbad,  N.  Mex. 
Pecos  River  near: 

description ws  99,  pp  358-359 

discharge WS  99,  p  359 

gage  heights ws  99,  pp  359-360 

Carlton,  Ga. 

Broad  River  near: 

description WS  15,  p  40; 

27,  p31;  36,  pp  131-132;  48,  p 
L51;  65,  p  255;  83,  p  92;  98,  p  63 

discharge WS  15,  p  40; 

27,  pit;  36,  p!32;  48,  p  151; 

65,  p  255;  83,  p  93;  98,  p  63 

discharge,  monthly....  Ann  19,  iv,  p  227; 

20,iv,pl63;  21,  iv,  pl32;  22,iv,p 

163;  WS  75,  p  65;  83,  p  94;  98,  p  65 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights ws  15,  p40; 

27,  p  42;  36, p  132;  48, p 152; 
65,  p  256;  83,  p  93;  98,  p  64 

hydrographs Ann  19,  iv,  p  226;  20,  iv, 

p  163;.  21,  iv,  p  133;  22,  iv,  p  163 

rating  tables. . . .  Ann  19,  iv,  p226;  WS  27, 

p  46;  39,  p  444;  52,  p  513; 

65,  p  321;  83.  p94;  98,  p  64 

South  Broad  River  near: 

discharge WS  49,  p  207;  98,  p  71 

Carp  River  near— 
Marquette,  Mich.: 

description WS  83,  p  248;  97,  p  485 

discharge WS  83,  p  248 

discharge,  daily  ..  WS  83,  p  249;  97,  p  486 

discharge,  monthly WS  83,  p  249; 

97,  p  486 
Carp  River  drainage  basin: 

description WS  83,  pp  247-248 
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Carrabasset  River  near- 
North  Anson,  Me.: 

description WS  65,  p  19; 

82,  p32:  97,  pp  54-55 

discharge WS  82,  p  33;  97,  p  55 

discharge,  monthly.  WS  82,  p  34;  97,  p  56 

gage  heights WS  65,  p  19; 

82,  p  33;  97,  p  55 

rating  table WS  82,  p  34 

Carrizo  Springs,  Tex. 

analysis  of  water WS  66,  p  63 

description WS  66,  p  63 

discharge WS  66,  p  63 

Carroll  Creek  near- 
Frederick,  Md.: 

discharge Ann  19,  iv,  p  153 

Carson  River  near- 
Empire,  New: 

description Ann  12,  ij,  p  325; 

Bull  140,  p  212;  WS  51,  p  401; 

66,  p  110;  85,  p  109;  100,  p  175 

discharge  . .  Bull  140,  p  213;  WS  66,  p  111; 

85,  p  109;  100,  p  175 

discharge,  monthly  WS  75,  p  189; 

85,  p  111;  100,  p  177 

gage  heights Bull  140,  p  213; 

WS51,p401;  66,  pill; 
85,   p    110;    100,  p   176 

hydrographs Ann  12,  ii,  p  324; 

WS  75,  p  189 
rating  tables WS  66,  p  175; 

85,  p  110;  100,  p  176 
Genoa,  New: 

discharge Ann  11 ,  ii,  p  65 

Carson  River  and  ditches,  Nev.-Cal. 

discharge Ann  11,  ii,  p  109 

Carson  River  and  flume  near- 
Empire,  New: 

discharge,  monthly Ann  11,  ii,  p  102 

Carson  River  basin: 

description Ann  11,  ii,  pp  65-66 

discharge   measurements,    miscellane- 
ous    WS85,  pp  125-126 

irrigation     surveys,     engineering     re- 
sults    Ann  13,  iii,  pp  304-307 

Carson  River  ditches,  Nev. 

discharge WS  100,  p  258 

Carson  River,  East  Fork  of: 
ditches  from,  in  California: 

discharge WS  100,  p  260 

ditches  from,  in  Nevada: 

discharge WS  100,  pp  248-252 

hydrograph Ann  12,  ii,  p  324 

near  Gardnerville,  Nev.: 

description WS  51,  pp  399-400; 

66, p  108;  85,  pp  111-112 

discharge "WS  66,  p  108;  85,  p  112 

discharge,  monthly.  WS 75,  p  187;  85,  p  113 

gage  heights WS  51,  p  400; 

66,  p  109;  85,  p  112 

rating  tables WS  66,  p  175;  85,  p  113 

near  Rodenbahs,  Nev.: 

description Ann  14,  ii,  p  116; 

WS  100,  pp  177-178 
discharge, .,.,.., , . .  WS  100,  p  178 


Carson  River,  East  Fork  of— Continued, 
near  Rodenbahs,  Nev.— Continued. 

discharge,  monthly. .  Ann  11,  ii,  p  102;  12, 
ii,  pp  351, 360;  13,  iii,  p  95;  14, 
ii,  pp  116-117;  WS  100,  p  180 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  59 

gage  heights WS  100,  pp  178-179 

hydrograph Ann  14,  ii,  p  116 

rating  table WS  100,  p  179 

Carson  River,  West  Fork  of: 
ditches  from,  in  Cal.: 

discharge WS  100,  pp  252-254 

ditches  from,  in  Nevada: 

discharge WS  100,  pp  254-256 

hydrograph Ann  12.  ii,  p  324 

near  Woodfords,  Cal.: 

description WS  51,  p  400;  66,  p  109; 

85,  pp  113-114;  100,  p  180 

discharge WS  66,  p  109; 

85,  p  114;  100,  p  181 

discharge,  monthly Ann  11,  ii,  p  102; 

12,  ii,pp351,360;13,iii,p 
%;  ll.ii.p  118;  WS75,p 
188:  85,  p  115;  100,  p  182 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  59 

gage  heights WS  51,  p  401; 

66,  p  110;  85,  p  114;  100,  p  181 

rating  tables WS  66,  p  175; 

85,  p  115:  100,  pl82 
Carson  Sink,  Nev. 

ditches  between  Dayton  and: 

discharge WS  100,  p  257 

Carson  Sink  ditches,  Nev. 

discharge WS  100,  pp  258-260 

Cartecay,  Ga. 

Lick  Log  Creek  near- 
discharge WS  49,  p  •_'()'.• 

Cartecay  River  near- 
Ellijay,  Ga.: 

discharge WS  27,  p  45;   49,  p  209 

Cartecay  River,  branch  of,  near— 
Ellijay,  Ga.: 

discharge WS  49,  p  209 

Carter,  Tenn. 

Brush  Creek  near: 

discharge WS  49,  p  216 

Carters,  Ga. 

Coosawattee  River  near: 

description Ann  18,  iv,  pp  96-97; 

WS  15,  p  49;  27,  p  48;  36,  pp  144-145; 
65,  p  276;   83,  p  151;  98,  pp  156-157 

discharge Ann  18,  iv,  p  97; 

WS  15,  p  49;  27,  p  57;  36,  p  145;  48, 
p  161;  65,  p  276;  83,  p  151;  98,  p  157 

discharge,  monthly Ann  19,  iv,  p 

244;  20,  iv,  pp  180,  191;  21,  iv,  p  146;  22, 
iv,  pl97;  WS75,  p89;  83,  p  153;  98,  p  159 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  11,  p'  27; 

15,  p  49;  27,  p  52;  36,  p  146;  48,  p  162; 
65,  p  277;  83,   p  152;  98,   pp  157-158 

hydrographs Ann  19,  iv,  p  244; 

20,  iv,  p  192:  21,  iv,  p  147;  22,  iv,  p  197 
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Carters,  Ga.—  Continued. 

Coosa  wattee  River  near — Continued. 

rainfall  and  run-off  relation Ann  20, 

iv.  pl81 

rating  tables Ann  18,  iv,  p  98; 

19,  iv,  p   243;   WS   27,  p 
58;  39,  p  446;  52,  p  514;  65, 
p322;  83,  p  153;  98,  p  L58 
Talking  Rock  Creek  near: 

discharge Ann  18,  iv,  p  97; 

19,  iv,  p  252;  WS  27.  p 
45;   49,  p  209;   83,  p  164 
Cartersville,  Ga. 

Etowah  River  near: 

description Ann  18,  iv,  p  109 

discharge. .  Ann  18,  iv,  p  109;  WS  49,  p  208 
Petits  Creek  near: 

discharge WS  49,  p  208 

Pumpkin  Vine  Creek  near: 

discharge ws  49,  p  208 

Cartersville,  Va. 

James  River  near: 

description WS  35,  pp  98-99;  48, 

p  12S;  65,  p  2:;s:  82, 
pl89;  97,  pp  328-329 

discharge Ann  19,  iv,  p  171; 

WS  35,  p  99;   IS,  p  129;  65, 
P  2:;s:   82,  p  190:  97,  p  329 

discharge,  monthly Ann  22,  iv, 

pp  147-148;   WS   7."..    pp 
13,  19;  82, p  191;  97,p331 

gage  heights WS  35,  p  99;  48,  p  129; 

65,  p  238;  82,  p  190;  97,  p  330 

hydrographs Ann22,iv,p  149; 

WS  75,  p  44 
rainfall  and  run-off  relation . .  WS75,p50 

rating   tables WS52,p512; 

65,p319;  82, p  L91;  '.»7.  j.  33] 
Carthage,  X.  Y. 

Black  River  at  and  near: 

discharge,  flood WS  65,  p  105 

Carys,  Wyo. 

Pumpkinseed  Creek  near: 

discharge  Bull  131,  p  91 

( !asa  i  rrande,  Ariz. 

rainfall  data Ann  12,  ii,p  300 

Cascade,  Iowa. 

North  Maquoketa  River  near: 

discharge WS  99,  p  18 

Cascade,  Mont. 

Missouri  River  near: 

description WS84,p35;  99,pll7 

discharge WS  84,  p  35 ;  99.  p  1 1 7 

discharge,  monthly WS  99,  p  119 

gage  heights WS  84,  p  36;  99,  p  118 

rating  table WS  99,  p  118 

( lascade  Creek,  Cal. 

in  Stanislaus  River  basin: 

discharge Ann  18.  iv.  pp  372,  375 

near  Lake  Tahoe: 

discharge WS  100,  p  232 

Cascade  Creek,  S.  Dak.,  near- 
Cascade  Springs: 

discharge WS  99,  p  135 

Cascade  Creek,  Wyo.— 
at  mouth: 

discharge WS  49,  p  272 


Cascade  Springs,  S.  Dak., 
Cascade  Creek  near: 

discharge WS  99,  p  135 

Cash.  Ga. 

Doves  Mill  Spring  near: 

discharge WS  36,  p  147 

Cassellman  River  near- 
Confluence,  Pa.: 

discharge WS  27,  p  66 

Cass  Lake, 

Mississippi  River  above  and  below: 

discharge Ann  22,  iv,  p  219 

Castaic  River,  Cal. 

discharge WS  28,  p  192 

Castlerock,  Colo. 

rainfall  data Ann  20,  iv,  pp  257,  259,  2651 

WS  75,  pp  132,  133,  137 
Castlewood  dam  on- 
Cherry  Creek.  Colo.: 

description Ann  20,  iv,  pp  280-283 

Castlewood  reservoir  near- 
Denver.  Colo.: 

description Ann  13,  iii,  pp  302-304 

Cataract,  Ind. 

Lower  Eel  River  near: 

description WS  98,  pp  218-219 

discharge WS  98,  p  219 

gage  heights WS98,  p  219 

Catawba,  X.  C. 

Catawba  River  near: 

description Ann  18,  iv,  p  64; 

WS  1."..  p  31:  27,   p  27;  36,  pp  120-121; 
is.  P  1  13;  65,  p  247;  83,  pp 73-74;  98,p42 

discharge Ann  18,  iv,  p  64; 

WS  15,  p  34;  27,  p  44;  36,  p  121; 
is,    p    113;    65,   p   247;    98,    p    12 

discharge,  minimum ws  36,  p  122 

discharge,  monthly Ann  18,  iv,  p  65; 

19,  iv,  p212;  20,  iv,  p  149; 
21,  iv,  pl23;  WS  75,  p  58 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights ws  11,  p  18;  15,  p  34; 

27,  p37;  36,  p  121;  48,  p  144; 

6.".,  p  218;  83,  p  74;  98,  p  43 
hydrographs Ann  19,  iv,  p  213; 

20,  iv,  p  149;  21,  iv,  p  123 
rating  tables Ann  18,  iv,  p  65; 

19,  iv,  p212;  WS  27,  p 
45;   39,  p  113;   65,  p  320 
Catawba  Creek  in — 

.lames  River  basin,  Va.: 

discharge Ann  19,  iv,  p  170 

Catawba  River: 

description Ann  21,  iv,  p  122 

near  Belmont,  X.  ('.: 

discharge WS  98,  p  55 

near  Birmingham,  Ala.: 

discharge WS  36,  p  155 

near  Catawba,  N.  C: 

description Ann  18,  iv.  p  64: 

WS  15,  p  34;  27,  p27;  36,  pp  120-121;  48, 
p  143;  65,  p  247;  83,  pp  73-74;  98,  p  42 

discharge Ann  18,  iv,  p  64; 

WS   15,   p   34;    27,    p    44;    36,   p 

121:  48,  p  143;  65,  p  247;  98,  p  42 

discharge,  minimum WS  36,  p  122 
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Catawba  River— Continued. 

near  Catawba,  N.  C— Continued. 

discharge,  monthly Ann  18,  iv,  p  65; 

19,  iv,  p  212;  20,  iv,  p  149; 
21,  iv,  p  123;  WS  75,  p  58 

discharge,  yearly Ann  20,  iv,  p  50; 

gage  heights "WS11,  p  18; 

15,  p  34;  27,  p  37;  36,  p  121;  48, 
p  144;  65,  p  248;  83,  p  74;  98,  p  43 

hydrographs Ann  19,  iv,  p  213; 

20,  iv,  pl49;  21,  iv,  p  123 

rating  tables Ann  18,  iv,  p  65; 

19,  iv,  p  212;  WS  27,  p 
45;  39,  p  443;  65,  p  320 
near  Fort  Lawn,  S.  C: 

description WS  98,  p  54 

discharge WS  98,  p  55 

near  Fort  Mill,  N.  C: 

description Bull  140,  pp  71-72 

discharge Bull  140,  p  72 

gage  heig'.  ts Bull  140,  p  72 

near  Morganton,  N.  C: 

description WS  48,  p  140-141 ; 

65,  p  247;  83,  p  75;  98,  pp  4-5-46 

discharge WS  48,  p  141 ; 

65,  p  247;  83,  p  75;  98,  p  46 
discharge,  monthly..  WS  83,  p77;  98,  p47 

gage  heights WS  48,  p  141; 

83,  pp  75-76;  98,  pp  46-47 

rainfall  data WS  83,  p  77 

rating  tables WS  83,  p  76;  98,  p  47 

near  Mount  Holly,  N.  C: 

discharge WS  98,  p  55 

near  Oldfort,  N.  C: 

discharge WS  49,  p  204 

near  Rockhill,  S.  C: 

description Ann  18,  iv,  p  61; 

WS15,  p35;  27,  p  27;  36,  pp  121-122; 
48,  p  144;  65,  p  248;  83,  p  71;  98,  p  43 

discharge Ann  18,  iv,  p  61 ; 

WS  15,  p  35;  27,  p  44;  36,  p  122;  48, 
p  144;  65,  p  248;  83,  p  71;  98,  p  43 

discharge,  minimum WS  36,  p  122 

discharge,  monthly Ann  18.  iv,  p  63; 

19,  iv,  p.  214;  20r  iv,  p  150;  21, 
iv,  p  124;  22,  iv,  p  157;  WS 
75,  p  59;    83,   p  73;   98,   p  45 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  17; 

15,  p  35;  27,  p  38;  36,  p  123;  48,  p  145; 
65,   p    249;  83,   p  72;  98,   pp  43-44 

hydrographs Ann  18,  iv,  p  63; 

19,  iv,  p  214;  20,  iv,  p  150;  21,  iv, 
p  124;  22,  iv,  p  157;  WS  75,  p  59 

rating  tables Ann  18,  iv,  p  62; 

19,  iv,  p  213;  WS  27,  p  45;  39,  p  444; 
52,  p  512;  65,  p  320;  83,  p  72;  98,  p  44 
rapids  and  shoals  of: 

description Ann  19,  iv,  pp  201-212 

water  powers Ann  19,  iv,  pp  204-212 

Catawba  River  basin: 

hydrographic  data WS  63,  pp  147-158 

Catawba  River,  North  Fork  of,  N.  C. 

discharge WS  49,  p  204 

irr  119—05 4 


Cattish  River  near- 
Madison,  Wis.: 

description WS  83,  pp  170-171: 

98,  pp.  196-197 

discharge WS  83,  p  171;  98,  p  197 

gage  heights WS  83,  p  171;  98,  p  197 

Cathcart  Lane,  Nev. 

Little  Hnmboldt  River  near: 

discharge WS  1 00,  p  226 

Cathedral,  Colo. 

Spring  Creek  near: 

discharge "WS  100,  p  95 

Cathey  Creek  in — 

Broad  River  basin,  N.  C: 

discharge WS  49,  p  206 

Cathey  Creek  in- 
French  Broad  River  basin,  N.  C: 

discharge WS  49,  p  211 

Catlin  ditch,  Colo, 
near  head: 

discharge Bull  131,  p  91 

near  Rocky  Ford: 

discharge Bull  131,  p  90 

Catoctin  Creek,  Md.,  near- 
Point  of  Rocks: 

discharge   Ann  19,  iv,  p  152 

Catoctin  Creek,  Va. 

discharge  Ann  19,  iv,  p  140 

Catoosa,  Ind.  T. 

Verdigris  River  near: 

description WS  99,  p  260 

gage  heights  WS  99,  p  261 

Catskill  Creek  near- 
South  Cairo,  N.  Y.: 

description WS  65,  p  61; 

82,  pp  109-110;  97,  pp  17S-179 

discharge WS  65,  p  62; 

82,  p  110;  97,  pp  179-180 

discharge,  daily WS  97,  pp  186-188 

discharge,  monthly WS  97,  p  189 

discharge,  winter  (through  ice) 

WS  65,  [>  63 

gage  heights WS  65,  p  62; 

82,  ppllO,  111;  97,  pp  181-183 

rating  tables WS  97,  pp  184-185 

water  powers WS  65,  p  62 

Cattail  Branch  near— 
Burnsville,  N.  C: 

discharge WS  49,  p  213 

Cayadutta  Creek  near- 
Johnstown,  N.  Y.: 

description WS  35,  pp  53-54; 

47,  p  58;  65,  pp  166-167 

discharge,  daily WS  35,  p  54; 

47,  pp  59-60 

discharge,  monthly Ann  22,  iv,  p  98; 

WS  35,  p  24 
hydrographs. .  Ann  21,  iv,  p  69;  22,  iv,  p  99 
Cazenovia  Lake,  N.  Y. 

storage  capacity WS  65,  ] .  115 

Cebolla  River  in — 

Colorado  River  drainage  basin: 

discharge WS  85,  p  77 

Grand  River  basin: 

discharge WS  L00,  p  94 
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Cedar  Bluff,  Ala. 

Little  River  near: 

discharge WS  98,  p  L69 

Cedar  Creek  in- 
Bitter  root  Forest  Reserve: 

discharge Ann  19,  iv.  p  160 

Cedar  Creek,  Colo.,  near— 
Montrose: 

discharge WS  100,  p  93 

Cedar  Creek,  Ga.,  near— 
Claxton: 

discharge WS  98,  p  79 

Hoschton: 

discharge WS  49,  p  207 

Cedar  Creek,  Nebr. 

discharge WS  30,  p  438 

near  Pullerton: 

discharge WS  r.t;,  p  13 

Cedar  Creek,  Va.,  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  170 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  137 

South  Fork  Holston  River  basin: 

discharge WS  49,  p  215 

Cedaredge,  Colo. 

Surface  Creek  near: 

discharge WS  66,  p  98 

Cedar  Lake,  Wash. 
Cedar  River  near: 

description WS  85,  p  220 

discharge WS  85,  p  220 

gage  heights WS  85,  p  220 

See  alto  Cedar  River  near  Northbend. 
Cedar  Rapids,  Iowa. 
Cedar  River  near: 

description WS  99,  pp  21-22 

discharge WS  99,  1 1  22 

discharge,  monthly WS  99,  p  24 

gage  heights WS  99,  p  23 

rating  table WS  99,  p  23 

Cedar  Rapids,  Nebr. 
<  !edar  River  near: 

discharge. . .  Ann  18, iv,  p  193;  20,  iv,p  298 
Cedar  River,  Iowa,  near- 
Cedar  Rapids: 

description WS  99,  pp  21-22 

discharge -WS  99, 1 1  22 

discharge,  monthly WS  99,  |  >  24 

gage  heights WS  99,  |  >  23 

rating  table WS  99,  p  23 

Cedar  River,  Nebr.,  near — 
Cedar  Rapids: 

discharge..  Ann  18,  iv,  p  193;  20,  iv,  i>  298 
Ericson: 

discharge.  Ann  20,  iv,  p  298;  WS  39,  p  439 
Fullerton: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p298;  Bull  131,  p  '.»1 
Cedar  River,  Wash, 
near  Maple  Valley: 

description WS  85,  pp  218-219 

discharge WS  85,  p  219 

gage  heights WS  85,  p  219 

near  Northbend: 

description WS  85,  p  220;  100,  p  466 


Cedar  River,  Wash.— Continued, 
near  Northbend— Continued. 

discharge WS  85,  p  220;  100,  p  466 

discharge,  monthly WS  100,  p  468 

gage  heights WS  85,  p  220;  100,  p  467 

rating  table WS  100,  p  467 

near  Ravensdale: 

description WS  100,  pp  463-464 

discharge WS  100,  p  464 

discharge,  monthly WS  100,  p  465 

gage  heights "WS  100,  p  464 

rating  table WS  100,  p  405 

near  Renton: 

discharge WS  100,  p  475 

ear  Seattle: 

description Ann  19,  iv,  p  501; 

20,  iv,  pp  516-517;  WS  28,  p  171 

discharge,  monthly Ann  19,  iv,  p  502; 

20,  iv,  p  517 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  28,  pp  172-173 

hydrographs Ann  19,  iv,  p  501; 

20,iv,p516 

rainfall  and  run-off  relation Ann  19, 

iv,  p.  501 
near  Vaughan  Bridge: 

description WS  38,  p  383 

gage  heights WS  38,  p  383 

Cedar  Spring  near— 
Folsom,  Ga.: 

discharge WS  36,  p  1 18 

Celina,  Ohio. 

rainfall  data WS  75,  p  111 

Cement  Creek,  Colo.: 

discharge ws  100,  p  64 

Cenicero,  Colo. 

Rio  Grande  near: 

description WS  37,  p  279;  50,  pp  348- 

349;  66,  p  65;   84,  pp  192-193;   99,  p  395 

discharge WS  37,  p  279;  50,  p  349; 

66,  p  65;  84,  p  193;  99,  p  395 

discharge,  monthly Ann  21,  iv, 

p  257;  22,  iv,  p  349;  WS  75, 
p  153;  84,  p  194;   99,  p  397 

gage  heights WS  37,  p  280; 

50,  p  319:  6(1,  p  66;  84,  p  193;  99,  p  396 

hydrographs Ann  21,  iv,  p  257; 

22,  iv,  p  349 

rating  tables WS  39,  p  450; 

52,  p  519;  60,  p  173;  84,  p  193;  99,  p  396 
Center  Creek,  Nebr. 

discharge ws  84,  p  112 

Center  Conway,  N.  H. 
Saco  River  near: 

description WS  97,  p  69 

discharge WS  97,  p  69 

gage  heights WS  97,  p  69 

Centers  Creek  near — 
Mountain  Scene,  Ga.: 

discharge WS  49,  p  217 

Centerville,  Ala. 

Cahaba  River  near: 

description WS  65,  p  283; 

83,  p  129;  98,  p  129 

discharge WS  65,  p  283; 

83,  p  129;  98,  p  129 
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Centerville,  Ala.— Continued. 

Cahaba  River  near— Continued. 

discharge,  monthly WS  83,  p  130; 

98,  p  131 

gage  heights WS  65,  p  283; 

83,  p  129;  98,  p  130 

rating  tables WS  83,  p  130;  98,  p  130 

Central  America 

hydrography  of Ann  22,  iv,  pp  507-630 

Central  City,  Nebr. 
Platte  River  near: 

discharge WS  39,  p  440 

Central  irrigation  district  canal,  Cal. 

engineering  features Ann  13,  iii,  pp  191-194 

Chadron  Creek,  Nebr.: 

discharge WS  39,  p  439 

Chadron  waterworks,  Nebr.: 

discharge Ann  20,  iv,  p  299 

Chagres  River,  Panama: 

description,  etc Ann  22,  iv,  pp  594-623 

Chagrin  River  in— 

Lake  Erie  drainage  basin: 

description Ann  18,  iv,  p  466 

Chain  Bridge,  D.  C. 

Potomac  River  near: 

description Ann  14,  ii,  pp  134-135; 

18,  iv,  p  35;  Bull  140,  pp  56-60,  61 

discharge Bull  131,  p  91;  140,  p  61 

discharge,  flood Ann  14,  ii,  p  137 

discharge,  monthly Ann  14,  ii,  p  137 

discharge,  yearly Ann  20,  iv,  p  49 

gage  heights Bull  140,  p  60 

Chalk  Creek  in— 

Arkansas  River  drainage  basin: 

discharge WS  84,  p  138 

Chama,  N.  Mex. 

rainfall  data Ann  20,  iv,  pp  356,  357,  359 

Chama  district,  N.  Mex. 

description Ann  12,  ii,  pp  262-269 

Chama  River  near — 
Abiquiu,  N.  Mex.: 

description Ann  18,  iv,  p  252: 

Bull  140,  pp  173-174;  WS  16,  p  129 

discharge. .  Ann  11,  ii,  p  107;  18,  iv,  p  252; 

Bull  140,  pp  173-174,  175;  WS  16,  p  129 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights Bull  140,  p  175; 

WS  11,  p  65;  16,  p  129 
Chama  basin,  N.  Mex. 

irrigation  in Ann  12.  ii,  pp  267-268 

Chambly,  Quebec 

Champlain  Lake  near: 

discharge,  monthly  ..  WS  65,  pp  39-40,42 
Lake  Champlain  drainage  basin  near: 

discharge,  monthly WS  82,  p  79 

Richelieu  River  near: 

discharge WS  97,  p  344 

discharge,  daily WS  65,  pp  40-41 

Champlain  Lake  near — 
Chambly,  Quebec: 

discharge,  monthly WS  65,  pp  39-40, 42 

Champlain  Lake  drainage  basin  near— 
Chambly,  Quebec: 

discharge,  monthly ws  S2,  p  7'.t 

Champlain  Lake  outlet  near- 
Fort  Montgomery,  N.  Y.: 

description WS  65,  p  38 


Chandler  Creek  near — 
Richards,  Okla.: 

discharge WS  99,  p  320 

Channahon,  111. 

Desplaines  River  near: 

description WS  83,  pp  174,  175; 

98,  pp  212,  213-214 

discharge WS  98,  pp  212,  214 

gage  heights WS  98,  pp  213,  214-215 

Chapel  Hill,  N.  C. 

rainfall  data WS  83,  p  55 

Chappell,  Nebr. 

Lodgepole  Creek  near: 

discharge WS  50,  p  311 

Charles  Creek  near- 
Louisville,  Ga.: 

discharge WS  49,  p  208 

Charles  River,  Mass. : 

description Bull  140,  p  35 

Charleston,  Tenn. 

Hiwassee  River  near: 

description WS  36,  pp  170-171; 

48,  p  192;  65,  p  309;  83,  p  205 

discharge WS  36,  p  171; 

48,  p  192;  65,  p  309;  83,  p  205 

discharge,  monthly Ann  22,  iv,  p  225; 

WS75,pl07 

gage  heights WS  36,  p  171; 

48,  p  192;  65,  p  310;  83,  p  206 

hydrographs Ann  22,  iv,  p  226; 

WS  75,  p  108 

rating  tables WS  52,  p  515; 

65,  p  324;  83,  p  207 
Charley  Creek  near— 
Blueridge,  Ga. 

discharge WS  98,  p  293 

Chase's  ranch,  Idaho. 
Teton  River  near: 

description Bull  131,  p  62 

gage  heights Bull  131,  p  63 

rating  table Bull  131,  p  63 

Chatham,  N.J. 

Passaic  River  near: 

description WS  97,  p  236 

discharge WS  97,  p  236 

gage  heights WS  97,  p  237 

Chatsworth  Park  rock-fill  dam,  Cal. 

description Ann  18,  iv,  p  643 

Chattahoochee  River,  Ga.: 

description Ann  21,  iv,  p  140 

near  Buford: 

description WS  65,  p  268 

discharge WS  36,  p  141;  65,  p  268 

discharge,  monthly WS  75,  p  78 

gage  heights WS  65,  p  269 

rating  table WS  65,  p  321 

near  Columbus: 

discharge Ann  19,  iv,  p  240 

near  Flowery  Branch: 

discharge WS  83,  p  127 

near  Gainesville: 

description WS  65,  p  267; 

83,  p  125;  98,  pp  124-125 

discharge Ann  18,  iv,  p  92; 

19,  iv,  p  240;  WS  27,  p  45;  36,  p 
141;  65,  p  267;  83,  p  125;  98,  p  125 
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Chattah ;hee  River,  Ga.— Continued. 

near  Gainesville— Continued. 

discharge,  monthly WS  83,  p  127; 

98,  p  127 

gage  heights WS  65,  p  268; 

83,  pp  125-126;  98,  pp  125-126 

rating  tables WS  83,  p  126;  98,  p  126 

near  Nacoochee: 

discharge WS  49,  p  208 

near  Norcross: 

description WS  98,  pp  121-122 

discharge WS  83,  p  127;  98,  p  122 

discharge,  monthly WS  98,  p  124 

gage  heights WS  98,  p  L23 

rating  table WS  98,  p  123 

near  Oakdale: 

description Ann  18,  iv,  pp  85-87; 

Bull  1 10,  pp  75-76;  WS  15,  p46; 
27, p  17:  36,  pp  139-140;  48,  p  158; 
65,  p  269;  83,  p  122;  98,  pp  119-120 

discharge Ann  18,  iv,  p  87; 

Bull  140,  p'76;  WS  L5,  p  16; 
27,p57;  36,  p  140;  48,  p  L58; 
65,  p269;  83,  p  122;  98,  p  120 

discharge,  monthly Ann  18,  iv,  p89; 

L9,iv,p236;  20,iv,ppl80,182; 
21,  iv,  ].  IK):  22,  iv,  p  191; 
WS75,p79;  83,pl24;  98,pl21 

discharge,  yearly Ann  20,  iv.  p.~>l 

gage  heights Bull  1 10,  p  77: 

WS  11,  pp  23-24;  15,  p  16;  27, 
1.  50;  36,  pp  111  l  12;  18,  p  159; 
65,  p  '-'7(i:  83,  p  123;  98,  p  L20 

hydrographs Ann  18,  iv,  p  89; 

19.  iv,  p236;  20,  iv,  p  182: 

21,  iv.  p  111;  22,  iv,  p  191 
rainfall  and  run-off  relation Ann  20, 

iv,  p  181 
rating  tables Ann  is,  iv,  p  88; 

19,  iv,  ]i  235;  WS  27.  p  58; 
39,  pi-  ill.  ll">.  .V-'.  p  513; 
65,p322;  83, p  124;  98,  p  L21 

near  Roswell,  Ga.: 

discharge Ann  19,  iv,  p  2 10; 

WS  98,  p  127 
near  West  Point,  Ga.: 

description Ann  18, 

iv,  pp  90-91;.  WS  15,  p  17;  27, 
p  17;  36,  p  1  12;  48,pl59;  65,  p270; 
83,   pp    119-120;    98,    pp    L16  117 

discharge Ann  is,  iv,  p  91; 

19,  iv,  p  237;  WS  15,  p  IT: 
27,  p  57;  36,  p  142;  18,  p  159; 
65,  p  270;  83,  p  1_'0:  98,  p  117 

discharge,  monthly Ann  is,  iv.  p  92; 

19.  iv,  p  239;  20,  iv.  pp  180,  L83; 
21,  iv,  p  111;  22,  iv,  p  L92;  WS 
75,  p  80;    83,    p   L21;    98,   p  119 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WSll,p24;  15,  p  17; 

27,  p  51;  36,  p  143;  48,  p  L60;  65, 

p  271;  83,  p  120;  98,  pp  117-118 

hydrograpbs Ann  19,  iv,  p  239; 

20,  iv,  p  183;  21,  iv,  p  112; 

22,  iv,  pl92;  WS  75,  p  SO 
rainfall  and  run-off  relation Ann  20, 

iv,  p  181 


Chattahoochee  River,  Ga. — Continued, 
near  West  Point,  Ga.— Continued. 

rating  tables Ann  18,  iv,  p  91; 

19,  iv,  p  238;    WS  27,  p  58;  39,  p  445; 
52,  p  514;  66,  p  322;  83,  p  121;  98,  p  118 
tributaries  of: 

discharge Ann  20,  iv,  pp  1 75-1 74' 

Chattahoochee  River  basin: 

between  Oakdale  and  West  Point,  Ga.: 

discharge WS  36,  p  141 

description Ann  20,  iv,  p  172-174 

discharge,  miscellaneous WS  49,  pp  208 

rainfall  and  river  stations,  map Ann  20, 

iv,  p  181 

rainfall  and  run-off  relation Ann  20, 

iv,  p  178 

rainfall  data Ann  20,  iv,  pp  177-180,  181 

water  powers Ann  L9,iv,p  235;  20,iv,pl74 

Chattanooga,  Tenn. 

Tennessee  River  near: 

description Ann  is,  iv,  p  119;  ws  15, 

p64;  27,  p60;  36,  p  171;   is,  p  195; 
65,  p  311;  83,  p  203;  98,  pp  255-256 

discharge Ann  18,  iv,  p  119;  WS  15,  p 

til;  27,  p65;  36,  p  174;  48,  p  195; 
65,  ]>  311;   83,  p  203;   98,  p  256 

discharge,  monthly Ann  is,  iv,  pp 

120-122;  19,  iv,  p  261;  20,  iv, 
p  210;  21,  iv,  p  HiS;  22,  iv,  p22S; 
WS  75,  p  109;  83,  p  205;  98,  p  257 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights..  WS11,  pp  43-46;  15,p64;27, 
p64;  36,pl75;  48, p  195;  65, 
P  312;  83,  p  203;  98,  p  256 

hydrographs Ann  19,  iv,  p  262;  20,  iv, 

p211;  21,  iv,  p  168;  22, 

iv,  p228;  WS  75,  p  109 

rating  tables....  Ann  18,  iv,  p  120;  19,  iv, 

p260;  WS  27,  p  66;  39,  p  446;  52, 

P- 1 5;  65,  p  324;  83,  p  204;  98,  p  257 

<  ihattasafke  I  Ireek  near— 

Dadeville,  Ala.: 

discharge ws  49,  p  210 

Chattooga  River  near— 
Gaylesville,  Ala.: 

discharge WS  98,  p  L69 

Rogers  Ford,  Ga.: 

discharge ws  49,  p  206 

<  lhauga  Creels  near— 

Fori  Madison,  S.  ('.: 

discharge WS  98,  p  70 

Chautauqua  Lake  outlel  near- 
Jamestown,  N.  Y.: 

discharge ws  98,  p  242 

Cheat  River,  W.  Va. 

description Ann  21,  iv,  p  157 

near  Morgantown: 

description WS  83,  p  184;  98,  p  245 

discharge ws  83,  p  184;  98,  p  245 

gage  heights WS  83,  p  185;  98,  p  246 

near  Rowelsburg: 

description ws  36,  p  161 

near  Uneva : 

description ws  36,  pp  160-161; 

48,  p  177;  65,  p  290 
discharge.  WS36,pl61;  48,  p  177;  65, p 290 
discharge,  monthly WS  75,  p  100 
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Cheat  River,  W.  Va.— Continued, 
near  Uneva — Continued. 

gage  heights ws  36,  p  161;  48,  p  177 

rating  table WS  65,  p  323 

Cheboygan,  Mich. 

rainfall  data WS  83,  p  '295 

Cheboygan  River  near- 
County  house,  Mich.: 

discharge,  low- water WS  83,  p  297 

Cheesman  Lake,  Colo. 
Goose  Creek  near: 

discharge,  monthly Ann  21,  iv,  p  211 

rating  table WS  39,  p  147 

South  Fork  of  South  Platte  River  near: 

description WS  49,  p  280;  66,  p  29 

discharge WS  66,  i  >  29 

discharge,  monthly Ann  21,  iv,  p  210; 

22,  iv,  p  327 
See  also  Lake  Cheesman. 
Chelan  Lake  at— 
Lakeside,  Wash.: 

description WS  28,  pp  1 57-1 58 ; 

38,  pp  371-372;  51,  p  439 
elevation  of  water  surface  of.  WS  38,  p  372 

gage  heights WS  28,  pp  163-164; 

38,  p  372 
Chelan  Lake  drainage  basin,  Wash.: 

description Ann  20,  iv,  p  195 

map Ann  20,  iv,  p  496 

Chelan  River  below— 
Lake  Chelan,  Wash.: 

description WS  100,  p  387 

discharge WS  100,  p  387 

gage  heights WS  100,  p  387 

Chemung,  N.  Y. 

Chemung  River  near: 
See  Chemung  River. 
Chemung  River  near— 
Chemung,  N.  Y.: 

description WS  97,  pp  289-290 

discharge WS  97,  p  290 

gage  heights WS  97,  p  291 

Chenango  and  Susquehanna  rivers  above — 
Binghamton,  N.  Y.: 

drainage  areas WS  82,  p  148 

See  also  WS  109. 
Chenango  River  near— 
Binghamton,  N.  Y.: 

description..  WS  82,  pp  143-144;  97,  p  297 

discharge WS  82,  pp  144-145;  97,  p  298 

discharge,  monthly WS  97,  p  302 

gage  heights WS  82,  pp  145-146; 

97,  pp  298-300 
gage-height  variations . .  WS  82,  pp  149-150 

rating  table WS  97,  p  301 

storage  reservoirs "WS  65,  [>  L48 

See  also  WS  109. 
Cheraw,  S.  C. 

Pedee  (Yadkin)  River  near: 

description WS  36,  pp  117-118 

Cherokee  Bluff,  Ala. 

Tallapoosa  Creek  near: 

discharge WS  49,  p  210 

Cherry  Creek,  Cat.,  near- 
Eleanor  trail  crossing: 

description WS  66,  p  1 48 

discharge WS  66,  p  148;  100,  p  300 


Cherry  Creek,  Cal.,  near— Continued. 
Eleanor  trail  crossing— Continued. 

discharge,  monthly WS  75,  p  213 

gage  heights WS  66,  p  148 

Cherry  Creek,  Colo. 

canal  system  of,  description Ann  20,  iv, 

pp  283-284 
Castlewood  dam  on: 

description Ann  20,  iv,  pp  280-283 

description Ann  20,  iv,  p  280 

Cherry  Creek,  Mont. 

in  Bighorn  River  basin: 

discharge Ann  13,  iii,  p  70 

near  Norris.    See  Madison  River. 
Cherry  Log  Creek  in— 

Coosawattee  River  basin: 

discharge WS  49,  p  209 

Chestatee  River  near— 
Dahlonega,  Ga.: 

discharge Ann  19,  iv,  p  240; 

WS49,  p208;  98,  p  128 
Gainesville,  Ga.: 

discharge WS  83,  p  127 

Leathers  Ford,  Ga.: 

discharge Ann  18,  iv,  p  92 

Newbridge,  Ga.: 

discharge WS  36,  p  141 

Turner  Creek,  Ga. : 

discharge WS  49,  p  208 

Chestnut  Valley,  Mont.: 

irrigation  surveys Ann  13,  iii,  pp  57-59 

Cheyenne,  Wyo. 

rainfall  data Ann  13,  iii, 

p   77;  20,  iv,  pp  257,  258,  265;  22,  iv, 
pp  31,  32,  33,  WS  75,  pp  132,  133,  137 
Cheyenne  River,  S.  Dak.,  near— 
PMgemont: 

description WS  99,  pp  55^56 

discharge WS  49,  p.  272;  99,  p  56 

gage  heights WS  99,  p  56 

mouth  of  Beaver  Creek: 

discharge "  WS  49,  p  272 

mouth  of  Cascade  Creek: 

discharge "WS  49,  p  272 

mouth  of  Fall  River: 

discharge WS  49,  p  272 

Cheyenne  River  and  tributaries,  S.  Dak.: 

discharge,  miscellaneous WS  49,  p  272 

Cheyenne  River  basin: 

description Ann  20,  iv,  pp  251-253 

Chikaskia  River  near — 
Albion,  Kans.: 

discharge Bull  140,  p  164 

Childers  Creek  near- 
Reliance,  Tenn.: 

discharge WS  49,  p  218 

Childersburg,  Ala. 

Tallesschatchee  Creek  near: 

discharge WS  49,  p  210 

Childs  Canyon  Creek  in— 
Carson  Valley,  New: 

discharge WS  100,  p  228 

Chilhovvee,  Tenn. 

Little  Tennessee  River  near: 

discharge ws  49,  p  217 

Abrams  Creek  neai : 

discharge WS  49,  p  217 
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Chino  Creek,  Oil.: 

discharge WS28,  p  192 

discharge,  low  water WS  39,  p  436 

near  Rincon: 

description WS  39.  p  427;  51,  p  178 

discharge WS  39,  p  427: 

51,  p  478;  100,  p  354 
Chinook,  Mont. 

Harlem  ditch  near: 

discharge WS99,  p  136 

Milk  River  near: 

description "WS  15,  p  73 

discharge..  Ann  19,  iv,  p  287;  WS  15,  p  73 

gage  heights WS  1 5,  i  >  73 

North  and  West  Forks  of  Milk  River  near: 

discharge Ann  L9,  iv,  p  290 

Paradise  Valley  canal  near: 

description WS  99,  p  L07 

discharge WS  99,  p  in; 

gage  heights ws  99,  p  L07 

Chippewa  River  near— 
Ean  Claire,  Wis.: 

description WS  si.  p  L66;  98,  p  177 

discharge WS  83,  p  L66;  98,  p  178 

discharge,  monthly WS98,p  L80 

gage  heights..  WS  83,  pl67;  98,ppl78  L79 

rating  tables WS  98,  pp  179-180 

Chippewa  River  drainage  basin: 

description WS  83,  pl66;  98,  p  177 

Chiquita  San  Joaquin  River,  Cal. 
at  mouth: 

diseharge WS  100,  p  307 

See  also  Little  San  Joaquin. 
Chittenango,  X.  Y. 

Chittenango  Creek  near: 

description WS  65,  pp  114, 115; 

82,  pp65-6G;  97,  pp  386 
discharge. .  WS  65,  pll5;  82,  p  66;  97,  p  387 

discharge,  daily WS  97.  pp  390-392 

discharge,  monthly WS  97,  p  393 

gage  heights ws  65,  p  116; 

82,  i'  66;  '.'7.  p  388 

rainfall  data WS  97,  p  393 

rating  table WS97,pp388  389 

Chittenango  Creek,  X.  Y.: 

description Ann  21,  iv,  i-  181 

near  Bridgeport,  N.  V.: 

description WS36,ppl84  185; 

19,  pp  223-224;  65,  pp  L12  L13 

discharge ws  19,  p  39 

discharge,  daily WS  36,  p  L85; 

19,  pp224  225;  65,  p  113 

discharge,  monthly Ann  '22.  iv,  p  244; 

35.  p24;  65,  p  113   IN 

hydrograph Ann  21,  iv,  |>  181; 

22,  iv,  p245 
near  Chittenango,  X.  Y.: 

description WS  05,  pp  11 1  115; 

82,  pp  65-66;  97.  pp  386  387 
discharge..  WS65,p  115;  82, p 66;  97, p 387 

discharge,  daily WS  97,  pp  390-392 

discharge,  monthly WS  97,  p  393 

gage  heights WS  65,  p  116, 

82,  p66;  97,  p  388 

rainfall  data WS  97,  p  393 

rating  table WS  97,  pp  388-389 

water  powers WS  65,  p  116 


Choccolocco  Creek  near— 
Eureka,  Ala.: 

discharge WS  27,  j»  45 

Jenifer,  Ala.: 

description WS  98,  p  144 

discharge WS  98,  p  I  15 

discharge,  monthly WS*,  p  140 

gage  heights ws  98,  |  >  1  15 

rating  table WS  98,  p  115 

Choestoe,  Ga. 

Choestoe  Creek  near: 

discharge WS  49,  p  217 

Level  Land  Creek  near: 

discharge WS  49,  ]>  217 

Nottely  River  near: 

discharge WS  49,  p  217 

i  ihoestoe  Creek  near— 
Choestoe,  Ga.: 

dive | large WS  49,  \>  217 

I  Ihoteau,  Mont. 

Teton  River  near: 

discharge,  monthly Ann  11,  ii,  p  107 

Chowchilla  creek,  Cal. 

at  base  of  foothills Bull  140,  pp  311,  312 

description Bull  140,  p295 

<  Ihristiansburg,  Va. 

rainfall  data Ann  20,  iv,  pp  137,  138,  139; 

WS  75,  pp  45,  46,  50 
christian's  ranch,  near  Augusta,  Mont. 
Sun  River  at: 

description WS  99,  pp  116-117 

Chucky  Valley,  Tenn. 

Nolichucky  River  near: 

description WS  48,  p  185; 

65,  p  300;  83,  p  224 
discharge..  WS48,pl85;  65,  p 300;  83, p 224 

discharge,  monthly WS  83,  p  227 

gage  heights WS  48,  p  185; 

65,  p  300;  83,  p  225 

rating  table WS  83,  p  226 

Cienega,  Cal. 

Pallet!  Creek  near: 

discharge Ann  19,  iv,  p  635 

i  !isco,  Utah: 

rainfall  data Ann  20,  iv,  pp  375,  377,  379 

Citico  Creek.  Tenn.: 

discharge ws49,p217 

Cimarron,  Colo. 

Cimarron  River  near: 

description ws  100,  pp  82-83 

discharge WS  66,  p  55;  86,  p  77; 

100,  pp  83,  94 

discharge,  monthly WS  100,p84 

gage  heights ws  loo,  pp  83-84 

rating  table ws  100,  p  84 

Gunnison  River  near: 

description ws  100,  pp  80-81 

discharge ws  100,  p  81 

discharge,  monthl. w  100,  p  82 

gage  heights WSlOO.p81 

rating  table WS100,p82 

Squaw  Creek  near: 

discharge wsi00,p93 

Cimarron  River  near — 
Arkalon,  Kans.: 

description Ann  18,  iv,  p  243; 

Bull  140,  p  166;  WS  99,  p  247 
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Cimarron  River  near— Continued. 
Arkalon,  Kans.— Continued. 

discharge Ann  18,  iv,  p  243;  Bull  140 

p  167;  WS  99,  p  247 

discharge,  monthly...  Ann  18,  iv,   p  244; 

Bull  140,  p  167 

gage  heights Bull  140,  p  167; 

WSll,  p64;  99,  p  247 

rating  table Ann  18,  iv,  p  244 

Cimarron,  Colo.: 

description WS  100,  pp  82-83 

discharge WS  66,  p  55; 

85,  p  77;  100,  pp  83,  94 

discharge,  monthly WS  100,  p  84 

gage  heights WS  100,  pp  83-84 

rating  table WS  100,  p  84 

Coldwater,  Kans.: 

description Bull  140,  p  164 

Englewood,  Kans.: 

discharge Bull  140,  pp  164-165 

Waynoka,  Okla.: 

description WS  99,  p  246 

gage  heights WS  99,  p  246 

Citrus,  Cal. 

East  Side  Canal  near: 

description WS  100,  p  220 

discharge WS  100,  p  221 

gage  heights WS  100,  p  221 

Owens  River  near: 

description WS  100,  p  222 

discharge WS  100,  p  223 

gage  heights WS  100,  p  223 

Stevens  canal  near: 

description WS  100,  p  221 

discharge WS  100,  p  222 

gage  heights WS  100,  p  222 

City  Creek,  Cal. 

in  Santa  Ana  River  basin: 

discharge Ann  20,  iv,  p  557; 

WS  85,  p  179;  100,  p  352 

discharge,  low-water WS  28,  p  194; 

39,  pp  435,  436 
near  Highlands: 

description Ann  19,  iv,  p  613 

discharge Ann  19,  iv,  ]>  613 

City  Creek,  Utah,  near- 
Salt  Lake  City: 

description WS  51,  p  420 

discharge,  daily WS  51,  p  420 

Clallam  River  near- 
East  Clallam,  Wash.: 

discharge WS  66,  p  112 

mouth: 

discharge WS  51 .  p  450 

Clapp,  W.  B.,  report  by, 

on  seepage  measurements  in 

California WS  100,  pp  339-343 

Clark  Creek  in— 

Kern  River  basin,  Cal.: 

discharge WS  100,  p  307 

Clarkston,  Ga. 

Peachtree  Creek  near: 

discharge WS  98,  p  128 

Clark's  Valley  reservoir  site  in — 
Kings  River  basin,  Cal.: 

description Ann  22,  iv,  pp  474-477 


Clarksville,  Ga. 

Soquee  River,  near: 

discharge WS  36,  p  141 

Clarksville,  Va. 
Dan  River  near: 

description Ann  18,  iv,  p  42; 

Bull  140,  pp  66-67;  WS  15,  p  26;  27,  p  25 

discharge Ann  18,  iv,  p  43; 

Bull  140,  p  67;  WS  15,  p  26;  27,  p  44 

discharge,  monthly Ann  18, 

iv,  p  45;  19,  iv,  p  179 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights Bull  140,  p  68; 

WSll,  pl2;  15,  p27;  27,  p  33 

hydrograph Ann  19,  iv,  p  179 

rainfall  and  run-off  relation Ann  20, 

iv,  p  139 

rating  tables Ann  18,  iv,  p  44; 

19,  iv,  p  170 

rainfall  data Ann  20,  iv,  pp  137, 138, 139 

Roanoke  River  near: 

description WS  36,  p  108 

gage  heights WS  11,  pp  13-15 

Staunton  River  near: 

description Ann  18,  iv,  p  43;  Bull  140, 

pp  66-67;  WS  15,  p  26;  27,  p  25 

discharge Ann  18,  iv,  p  45;  Bull  140, 

p  68;  WS  15,  p  26;  27,  p  44 

discharge,  monthly Ann  18,  iv,  p  47; 

19,  iv,  p  180;  20,  iv,  p  139 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights Bull  140,  p  68; 

WS  11,  p  13;  15,  p  27;  27,  p  33 

hydrograph Ann  19,  iv,  p  181 

rating  tables Ann  18,  iv,  p  46; 

19,  iv,  p  180 
Clavey  River  in— 

Tuolumne  River  basin: 

discharge WS  100,  p  306 

Claxton,  Ga. 

Bull  Creek  near: 

discharge WS  98,  p  80 

Cannoochee  River  near: 

discharge WS  98,  p  79 

Cedar  Creek  near: 

discharge WS  98,  p  79 

Clay  Creek  near— 
Lamar,  Colo. 

discharge WS  99,  p  307 

Clayton,  Ga. 

Scott  Creek  near: 

discharge WS  40,  p  206 

Stekoa  Creek  near: 

discharge ws  49,  p  206 

Tiger  Creek  near: 

discharge WS  49,  n  206 

Timpson  Creek  near: 

discharge ws  49,  i .  206 

Clealum  River  near — 
Lake  Clealum,  Wash.: 

description WS  loo,  pp  384-385 

discharge "WS  100,  p  385 

gage  heights WS  100,  p  385 

Clear  Creek  in— 

Arkansas  River  basin: 

discharge Ann  11,  ii,  p  47 
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Clear  Creek,  Cal.: 
near  Black  Rock: 

discharge WS  100,  p  225 

Clear  Creek,  Colo.: 
near  Forkscreek: 

description WS  37,  pp  228-229; 

49,  pp  28,5-286;  66,p31; 
84,  p84;  99,  pp  197-198 

discharge WS  37,  p  229; 

L9,  p  286;  66,  p  31;  84,  p  84;  99,  p  198 

discharge,  monthly Ann  21,  iv,  p  205; 

22,  iv,  p322;  WS  75,  p 
128;  84,  p  86;  99,  p  199 

gage  heights WS  37,  p  229: 

19,  p  286;  tit;,  p  32;  84,  p  85;  99,  p  198 

hydrograph Ann  21,  iv,  p  2U5; 

22.  iv,  p  322; 

rating  table WS  39,  p  44N; 

52,  p  517;  hC,  p  171:  84,  i>  85;  99.  p  199 
near  (iolden: 

discharge,  flood Ann  13,  iii,  p  86 

hydrograph Ann  13,  iii,  p  86 

near  Granite: 

discharge,  monthly Annii,  ii,  p96 

near  junction  with  Arkansas: 

hydrograph Ann  12.  ii,  p  240  I  pi.  | 

Clear  Creek,  North  Fork,  near- 
Fork  se  reek,  Colo.: 

discharge WS  99,  p  207 

Clear  Creek,  South  Fork,  near— 
Forkscreek,  Colo.: 

discharge WS  99,  p  207 

seepage  computations WS  50,  p  304 

Clear  Creek,  Nebr.: 

discharge....   Ann  20,  IV,  p  298;  WS  39.  p  139 
Clear  Creek,  N'ev. 
in  Fagle  Valley: 

discharge ws  loo,  p  229 

near  l'edrolis,  N'ev.: 

discharge WS  85,  p  126 

Clear  Creek,  N.  ('.,  in— 
Catawba  River  basin: 

discharge WS  49,  p  204 

Clear  Creek,  X.  ('.,  in— 

Coosawattec  River  drainage  basin: 

discharge ws  49,  p  209 

Clear  Creek,  Tex.,  above— 
Menardville: 

discharge WS  84,  p  156 

Clear  Creek,  Wyo. 
in  canyon: 

discharge Ann  13,  iii,  p  72 

in  Laramie  County: 

discharge WS  84,  p  94 

near  Buffalo: 

description Ann  18.  iv,  pp  13<x-140; 

19,  iv.  p  297;  20,  iv,  p  250;  21,  iv, 
p  190;  WS  15,  p  78;  27,  p  69;  37, 
p212;    !'.».  p270;  84,  p  20;  99,  p  74 

discharge Bull  131,  p  90; 

WS  15,  p  78;  99,  p  75 

discharge,  monthly Ann  18,  iv,  p  L40; 

19,  iv,  p  298;  20,  iv,  p  250; 

21,  iv,  p  191;   WS  99,  p  76 

discharge,  yearly Ann  20,  iv,  p  53 


Clear  Creek,  Wyo.— Continued, 
near  Buffalo— Continued . 

gage  heights WS  11,  p  50;  15,  p  78; 

27,  pp  73-74;   37,  p  213;  49, 
p  270;  84,  p  20;  99,  pp  75-76 

hydrographs Ann  18,  iv,  p  141; 

19,  iv,  p  298;  20,  iv, 
p251;  21,  iv,   i-  191 

rating  tables Ann  18,  iv,  p  140; 

WS  27,  p  76;  39, 
p   4  17;    99,    p  76 
near  Corlett: 

discharge WS  84,  p  94 

Clear  Creek,  North  Fork  of,  near— 
Corlett,  Wyo.: 

discharge WS  84,  p  94 

Clearfield,  Tenn. 

clear  Fork  of  Cumberland  River  near: 

discharge WS  S3,  p  202 

clear  Fork  of  Cumberland  River  near— 
Clearfield,  Tenn.: 

discharge WS  S3,  p  202 

clear  Lake,  Cal.: 

description Ann  20,  iv,  p  528; 

22,  iv,  pp  493-494 
high-  and  low-water: 

table _.   Ann  20,  iv,  p  528 

irrigation  surveys Ann  13,  iii,  405-409 

near  Lakeport: 

evaporation WS  85,  p  132 

Clearwater  River  near — 
Kamia,  Wash.: 

dist  barge Ann  19,  iv,  p  460 

Clements  dam,  Tex. 
Comal  River  near: 

discharge ws  50,  p  340 

Clemson  College,  S.  C. 
Seneca  River  near: 

description ws  98,  pp  65-66 

discharge ws  98,  p  66 

discharge,  monthly WS  98,  p  67 

gage  heights WS  98,  p  66 

rating  table WS  98,  p  67 

Cleveland,  Ohio. 

Cuyahoga  River  near: 

de  cription ws  97,  pp  417-418 

discharge ws  97,  p  418 

gage  heights ws  97,  p418 

Ohio  and  Erie  Canal  near: 

description WS»97,  p  420 

Clifford's  bridge,  Wash. 

Cedar  River  at.     See  Cedar  River  near 
Seattle. 
Clifton  Forge.  Va. 

rainfall  data WS  75,  pp  45,  46,  50 

Smiths  Creek  i.ear: 

discharge Ann  19,  iv,  p  170 

Clinch  River  near- 
Clinton,  Tenn.: 

discharge  WS  36,  p  173;  83,  p  235 

Speers  Ferry,  Va.: 

discharge WS  27,  p  66 

Clinton,  Cal. 

Juniper  Creek  near: 

discharge Ann  11,  ii   pp  65,  108 
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Clinton,  Mass. 

Nashua  River  near: 

description WS  35,  p  36;  47,  p  33 

hydrograph WS  75,  p  21 

South  Branch  of  Nashua  River  near: 

description WS  65,  pp  22-24; 

82,  pp  54-55;  97,  pp  78-79 

discharge,  monthly WS  65,  pp  24-25; 

82,  p  55 

rainfall  data WS  65,  pp  24-25; 

82,  p  55;  97,  p  79 
South  Branch  of  Sudbury  River  near: 

discharge,  monthly WS  97,  p  79 

Clinton,  Tenn. 

Clinch  River  near: 

discharge WS  36,  p  173;  83,  p  235 

Clonegar  Creek  near— 
Ellijay,  Ga.: 

discharge WS  49,  p  2C9 

Clontz  Creek  in— 

Coosa wattee  River  basin: 

discharge WS  49,  p  209 

Cloquet,  Minn. 

St.  Louis  River  near: 

description WS  97,  p  498 

discharge Bull  131,  p  92;  WS97,p498 

gage  heights WS  97,  p  499 

Clove  Creek  near— 
Fishkill,  N.  Y.: 

discharge WS  82,  p  119 

Coal  Creek  near- 
Coal  Creek,  Tenn.: 

discharge WS  83,  p  235 

Coalville,  Utah. 

rainfall  data Ann  20,  iv,  pp  454, 456, 458 

Cobbosseecontee  River,  Me.: 

description Ann  19,  iv,  pp  79-80 

near  Augusta: « 

description WS  35,  p  28; 

47,p31;  65,  p  19 

discharge,  daily WS  35,  pp  29-33; 

47,p31;  65,  p  20 

discharge,  monthly Ann  21,  iv,  p  54; 

22,  iv,  pp  58-59;  WS  75,  p  21 
hydrographs. .  Ann  21,  iv,  p  55;  22,  iv,  p  59 
near  Gardiner: 

description. .  WS  82,  pp  38-39;  97,  pp  57-58 

discharge,  daily "WS  82,  p  39;  97,  p  58 

discharge,  monthly..  Ann  19, iv,  pp  81-84 

discharge,  yearly Ann  20,  iv,  p  46 

hydrograph Ann  19,  iv,  p  80 

rainfall  and  run-off  relation Ann  19, 

iv,  p  80 
Cocheco  River,  N.  H.: 

description Ann  22,  iv,  pp  73-74 

drainage  areas Ann  22,  iv,  p  74 

water  powers Ann  22,  iv,  pp  75-7*; 

Cocheco  River  basin: 

map Ann  22,  iv,  p  64 

Cochetopa  Creek,  Colo.,  in- 
Grand  River  basin: 

discharge WS  100,  p  94 

Cochituate,  Mass. 

Cochituate    Lake   at.     See    Cochituate 
Lake. 


Cochituate,  Lake,  Mass.: 

description WS  35,  pp  37-38;  47,  p  33 

discharge,  monthly WS  35,  pp  37, 38 

near  Cochituate,  Mass.: 

description WS  82,  p  52;  97,  p  76 

discharge WS  82,  p  54 

discharge,  monthly. .  WS  82,  p  54;  97,  p  78 

rainfall  data WS  82,  p  54;  97,  p  78 

Cochituate  Lake  watershed: 

description WS  65,  p  26 

discharge WS  47,  p  34 

discharge,  monthly. .   WS  65,  p  26;  82,  pp  50-51 

rainfall  data WS  65,  p  26 

Cody,  Wyo. 

Shoshone  River  near: 

description WS  84,  p  21;  99,  p  83 

discharge WS  84,  p  22;  99,  p  84 

discharge,  monthly.  "WS  84,  p  23;  99,  p  85 

gage  heights WS  84,  p  22;  99,  p  84 

rating  table WS  84,  p  23;  99,  p  85 

Coeur  d'Alene,  Lake: 

elevation  of  water  surface WS  38, 

pp  369-370 
Spokane  River  near: 

description WS  38,  p  369 

Cogburns  Creek  near- 
High  tower,  Ga.: 

discharge WS  49,  p  208 

Colbert  Creek  in— 

Nolichucky  River  basin. 

discharge ...  WS  49,  p  213 

Colbran,  Colo. 

Plateau  Creek  near: 

discharge WS  66,  p  98 

Colby,  Kans. 

rainfall  data Ann  20,  iv,  pp  306,  309,  313; 

WS  39,  pp  437, 438;  52,  pp 
495,   496;    66,  pp    168,  169 
Cold  Creek,  Cal. 

in  Truckee  River  basin: 

discharge Ann  11,  ii,  p  65 

near  Cold  Creek  Canyon: 

discharge "WS  51,  p  405 

near  Donner  Lake: 

discharge Ann  11, ii,  p  108 

Coldspring,  N.  Y. 

Foundry  Brook  near: 

description WS  97,  pp  125-126 

discharge,  daily WS  97,  p  126 

Cold  Spring  near— 
Bullochville,  Ga.: 

discharge Ann  19,  iv,.  p  240 

Coldwater,  Kans. 

Cimarron  River  near: 

description Bull  140,  p  164 

Coldwater,  Ohio: 

rainfall  data WS  75,  p  111 

Coldwater  Creek,  Cal.: 

discharge WS  39,  p  426 

discharge,  daily WS  51,  p  473 

Coldwater  Creek,  Nebr.: 

discharge Ann  20,  iv,  p  298 

Coleman,  N.  Y. 

Oriskany  Creek  near: 

description WS  35,  p  47 

discharge,  monthly WS  35,  p2i 
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Coleville,  Cal. 

West  Fork  of  Walker  River  near: 

description.  WS  85,  p  108;  100.  pp  172-173 

discharge WS  85.  p  108;  100,  p  173 

discharge,  monthly WS  100,  p  174 

gage  heights WS  85,  p  108;  100,  p  173 

rating  table WS  100,  p  174 

Colima  Spring  near- 
Col  i  ma.  Ga.: 

discharge WS  36,  p  147 

gage  heights WS  36,  pl47 

Collettsville,  X.  C. 
Johns  River  near: 

discharge WS  49,  p  205 

Colliers,  Cal. 

Stanislaus  River  below: 

discharge WS  85,  p  159 

Collins  (A.  0.)  canal  near- 
Bishop,  Cal.: 

description WS  100,  pp  216-217 

discharge WS  100,  p  217 

gage  heights WS  100,  p  217 

Collins  (George)  canal  near- 
Bishop,  Cal.: 

description WS  100,  p  213 

discharge WS  100,  p  214 

gage  heights WS  100,  p  214 

Collins  Ferry,  Ala. 

Coosa  River  at  Lock  No.  5  near: 

gage  heights. WS  27,  p  55 

Collingston,  Utah 
Bear  River,  near: 

description...  Ann  18,  iv,  p  319;  Bull  131, 
pp  55-56;  140,  p  227;  WS  16,  p 
159;  28,  p  146;  38,  pp  33.5-336;  51, 
p  118;  66,  p  120;  85,  p  80;  100,  pl31 
discharge..  Ann  18,  iv,  p  319;  Bull  131,  p 
90,  92;  140,  p  228;  WS  16,  p  159;  28, 
p  153;  35,  pp  18-19;  38,  p  336;  51,  p 
413;  66,  p  120;  85,  p  80;  100,  p  131 

discharge,  monthly Ann  11,  ii,  p  103, 

12,  ii.  pp  352,  360:  13,iii,p  96;  14; 
ii.  pp  120-121;  18,  iv,  p  320;  19, 
iv,p435;  26, iv, pp 458, 460;  21,  iv, 
p395;  22,iv,p410;  Bull  140,  p  229; 
WS  75.  p  193;  85,  p  82;  100,  p  133 

discharge,  yearly Ann  11,  ii,  p  69; 

13,  iii,  p99;  20,  iv,  p  60 

gage  heights Bull  131,  pp.  56-57; 

140.  p  229;  WS  11,  p  77;  16,  p 
L59;  28, p  150;  38, p 336;  51,p414; 
66,   p  121;  85,   p  81;    100,  p   132 

hydrographs Ann  12,  ii,  p  332, 

14,  ii.  ])  121;  18,  iv,  p  320; 
19,  iv.  p435;  20,  iv,  p461; 
21,  iv.  p395;  22,  iv.  p  111 

rainfall  and  run-off  relation Ann  20, 

iv,  p  459 

rating  tables Ann  18,  iv,  p  320;19,  iv, 

p434;  Bull  140,  p  228;  WS28, 
p  154;  39,  p  453;  25,  p  521;  66, 
p  176;  85,  p  82;    100,    p  132 
Collinsville,  Cal. 

Sacramento  River  near: 

discharge,  yearly —  Bull  140,  pp  311.  312 


Colona,  Colo. 

Uncompahgre  River  near: 

description WS  100,  pp  72-73 

discharge WS  100,  p  73 

discharge,  monthly WS  100,  p  75 

gage  heights WS  100,  p  74 

rating  tables WS  100,  pp  74-75 

Colorado: 

low-water  stream  measurements  in. .  Ann  22, 

iv,  pp  395-397 

reservoir  projects  in..  Ann  18,  iv,  pp  724-72G 

reservoir  sites  in Ann  10,  ii,  pp  62-63; 

11,  ii,  pp  133-144;  12,  ii,  pp  £5-127; 
13,  iii,  pp  436-444;  22,  iv,  pp  316, 317 
underground  water  of  Arkansas  Valley 

in Ann  18,  iv,  pp  551-601 

water  resources  of WS  74,  pp  1-151 

Colorado  and  Kansas  canal  near — 
Prowers,  Colo.: 

discharge WS  99,  p  279 

discharge,  monthly WS  99,  ]>  280 

gage  heights WS  99,  pp  279-280 

rating  table WS  99,  p  280 

Colorado  and  Kansas  dam: 
Arkansas  River  near: 

discharge ws  99,  p  311 

Colorado  district  of  the  Rio  Grande: 

description Ann  12,  ii,  pp  245-251 

Colorado  Land  and  Water  Co.  canal: 

engineering  features..  Ann  13,  iii,  pp  214-216 
Colorado  meter,  old  style: 

rating  table  for Bull  140,  p  340 

Colorado  River  (of  Texas): 

description Ann  21,  iv,  p  255 

near  Austin,  Tex.: 

description Bull  140,  pp  82-83; 

WS  28,  pp  118-119;  37,  p  274; 
50,  pp  336-337;  66,  p  64; 
84,    pp    149-150;      99,   p  334 

discharge Ann  18,  iv,  p  110; 

Bull  1 40,  p  83;  WS  28, 
p  129;  37,  p  274;  50. 1.337; 
66,p64;84,pl50;99,p335 

discharge,  monthly WS  75,  p  152; 

81,  p  152;  99,  p336 

gage  heights ws  28,  pp  122-124; 

37,  p276;  50,  p  338;  66, 
p64;  84,  p  151;  99,  p  335 

hydrograph WS  75,  p  152 

rating  tables WS  60,  p  173; 

84,  p  151;  99,  1.336 
near  Ballinger.  Tex.: 

discharge , ws  84,  p  152 

near  Columbus.  Tex.: 

description..  WS84,  p  149;  99,  pp  332  333 

discharge WS  s4.  p  149;  99,  p.  333 

gage  heights ws  w,  pp  333-334 

near  Marble  Falls: 

discharge WS  84,  p  152 

near  Sulphur  Hollow,  Tex.: 

discharge WS  28,  p  130 

Colorado  River  (of  Texas)  drainage  basin: 

description WS  81.  pp  148-149;  99,  p  332 

Colorado  River  (of  the  West  i: 

description Ann  21,  iv,  pp  277-278 

discharge    measurements,    miscellane- 
ous   Ann  12,  ii,  pp  291-292 
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Colorado  River  (of  the  West)— Continued. 
near  Bulls  Head,  Ariz.: 

description WS  85,  p  20-21;  100,  p  29 

discharge WS  85,  p  21;  100,  p  30 

gage  heights WS  100,  p  31 

near  Yuma,  Ariz.: 

description Ann  18,  iv,  pp 

298-299;  Bull  131,  p  51;  140, 
pp  207-208;  WS  16,  p  151; 
28,  p  133;  38,  p  324;  50,  p  387; 
6G,  p  104;  85,  p  17;  100,  pp  19-20 

discharge Ann  18,  iv,  p 

299;  Bull  131,  p  51;  140,  p  208; 

66,  p  104;  85,  p  18;  100,  pp  20-24 

discharge,  monthly . .  WS  85,  p  20;  100,  p  25 

gage  heights Bull  131,  p  52; 

140,  pp  208-210;  WS  11,  p 
73;  16,  p  151;  28,  p  111;  38, 
p  325;  50,  p  387;  66,  p  104; 
85,    p     19;     100,    pp    24-25 

hydrograph Ann  12,  ii,  p  290 

rating  table WS  85,  p  19 

Colorado  River  (of  the  West)  basin: 

description Ann  12,  ii,  pp  290-316;  18, 

iv,  p  260;  19,  iv,  pp  390-391;  20, 
iv,  p  373;  22,  iv,  pp  357-358,  WS 
75,  pp  163-164;  85,  pp  15-17; 
100,  pp  17-19;  Bull  131,  pp  47-48. 
Colorado  River  basin,  Upper 
rainfall  and  river  stations: 

map Ann  20,  iv,  p  374 

rainfall  and  run-off  relation . .  Ann  20,  iv,  p  379 
rainfall  data. . .  Ann  20,  iv,  pp  374-379, 396-399 
Colorado  Springs,  Colo. 

rainfall  data Ann  13,  iii,  p  77 

Colorado  Valley  Pumping  and  Irrigation  Com- 
pany's canal,  Ariz, 
at  head: 

discharge WS  100,  p  126 

Columbia,  N.  J. 

Paulinskill  River  near: 

discharge WS  82,  p  127 

Columbia,  S.  C. 

Congaree  River  near: 

description WS  36,  pp  1 25-126 

Columbia  River  near— 
Pasco,  Wash. 

discharge Ann  19,  i\,  p  166 

Columbia  River  basin: 

description Ann  is,  iv,  p  330; 

22,  iv,  pp  130-431;  Bull  131, 

p  62;  -WS  75,  pp  197-198;  85, 

pp  181-183;   100,  pp  356  359 

discharge,  miscellaneous WS  85,  216 

Columbus,  Ga. 

Chattahoochee  River  near: 

discharge Ann  19,  iv,  p  240 

Roaring  Creek  near: 

discharge WS  83,  p  128 

Standingboy  Creek  near: 

discharge ws  83,  p  128 

Columbus,  Miss. 

Luxapelila  Creek  near: 

discharge WS  83,  p  164;  98,  p  169 


Columbus,  Miss.— Continued. 
Tombigbee  River  near: 

description WS  48,  pp  174-175; 

65,  p  285;  83,  p  161;  98,  pp  166-167 

discharge WS  65,  p  285; 

83,  p  162;  98,  p  167 

discharge,  monthly WS  75,  p  97; 

83,  p  163;  98,  p  169 

gage  heights WS  48,  p  175; 

65,  p  285;  83,  p  162;  98,  pp  167-168 

rating  tables WS  65,  p  323 

83,  p  163;  98,  p  168 
Columbus,  Nebr. 

Loup  River  near: 

description Ann  18,  iv,  p  182; 

Bull  131,  p  32;  140,  p  118;  WS  15, 
p  97;  27,  p  78;  37,  pp  240-241;  50,  pp 
306-307;  66,  p  38;  84,  p  55;  99,  p  145 

discharge Ann  18,  iv,  p  182; 

Bull  131,  p  91;  140,  p  118;   WS15,p 

97;  27,  p  87;  35,  p  16;  37,  p  241;  50, 

p  307;  66,  p  38;  84,  p  56;  99,  p  146 

discharge,  daily...  Ann  18,  iv,  pp  183-184 

discharge,  monthly Ann  18,  iv,  p  187; 

19,  iv,  p  332;  20,  iv,  pp  263,  294; 
22,  iv,  p  328;  Bull  140,  p  120; 
WS  75,  p  137;  84,  p  57;  99,  p  147 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  119; 

WS  15,  p  97;  27,  p  85;  37,  p  241;  50, 
p  307;  66,  p  39;  84,  p  56;   99,  p  146 

hydrographs Ann  18,  iv,  p  184; 

19,  iv,  p  333;  20,  iv,  p  295;  22,  iv,  p  328 

rainfall  and  run-off  relation Ann  20, 

iv,  p.  266 

rating  tables Ann  18,  iv,  p  183;  19, 

iv,  pp  331-332;  Bull  140,  p  119; 
WS  39,  p  449;  84,  p  57;  99,  p  147 
Platte  River  near: 

description Ann  18,  iv,  p  188; 

Bull  140,  ppl21-122;  WS  15,  p  98; 

27,  p  78;  37,  p  242;  50,  p307;  66, 

p  39;    84,    p  57;    99.   pp   152-153 

discharge Ann  18.  iv,  p  189; 

20,  iv,  p  302;  Bull  131,  p  92; 
140,  p  122;  WS  15,  p  9s :  27, 
p  87;  37,  p  242,  50,  p  308;  66, 
p    39;    84,     p    58;    99,    p    153 

discharge,  daily Ann  is,  iv,  p  190 

discharge,  flood...  Ann  18,  iv,  pp  184-186 

discharge,  monthly Ann  19,  iv,  p  334; 

20,  iv,   pp  264,  295;   22,  iv,  p  329; 
WS  75,  p  13*;    84,  p  59;  99,  p  154 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  122; 

WS  15,p98;  27,  p  85;  37,p243;  50,  p 
308;  66,  p  39;  84,  p  58;  99,  pp  153-154 

hydrographs Ann  18,  iv,  p  L90; 

19,  iv,  p  334;  20,  iv,  p  296;  WS  75, p  138 

rainfall  and  run-off  relation Ann  20, 

iv, p  266 

rating  tables Ann  18,  iv,  p  189; 

19,  iv,  p  333;  Bull  1 :0,  p  122; 
WS  39,  p  1 19:  84,p59;  99, p  154 
Columbus,  Ohio. 

ha  kin  dam  site  near: 

description Ann  20,  iv,  p  212 
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Columbus,  Ohio— Continued. 
Oleniaugy  River  near: 

description WS27,p60;  36,pl75; 

19,  p  218;  65,  p  295;  98,  pp  234-235 

discharge WS  27,  p  65;  36,  p  175; 

49,  pp  218-219;  98, p  235 

discharge,  low  water Ann  20,  iv,  p  216 

discharge,  monthly Ann  20,  iv,  p  216; 

21,  iv,  p  169;  22,  iv,  p  238 

gage  heights WS  27,  p  65;  36,  p  176; 

49,  p  219;  65,  p  295;  98,  p  235 

hydrograph Ann  22,  iv,  p  238 

rainfall  and  run-off  relation..  Ann  20,  iv, 

p216 

rating  tables WS  39,  p  446;  52,  p  515 

Scioto  River  near: 

description WS  27,  p  60;  36,  p  176; 

l.i.  p219;  65,  p  295;  98,  p  233 

discharge WS  36,  p  177;  49,  p  219; 

98,  p  233 

discharge,  Hood Ann  20,  iv,  p  214 

discbarge,  low-water  . . .  Ann  20,  iv,  p  214 

discharge,  monthly Ann  20,  iv,  p  213; 

21,  iv.  p  170;  22,  iv,  p  237 

gage  heigbts WS  27.  p  65;  36,  p  177; 

19,  p220;  65,  ',.296;  98,  p  234 

hydrograph Ann  22,  iv,  p  237 

rating  tables WS  39,  p  446;  52,  p  515 

Columbus,  Tex. 

Colorado  River  near: 

description..   WS  84,  p  149:  99,  pp  332-333 

discbarge WS  84,  p  1  19;  99,  p  333 

gage  heights ws  99,  pp  333-334 

Comal  River,  Tex.: 

description WS  50,  pp  339-340 

discharge WS  84,  p.  157 

near  Clements  dam: 

discharge ws  5o,  p340 

near  New  Braunfels: 

discbarge Ann  18,  iv,  p  110; 

Bull  140,  |'M:  WS28,  p  130 
Comers  Creek  in — 

Walker  River  basin: 

discharge ws  100,  p  230 

Como,  Colo. 

Michigan  Creek  near: 

discharge wsst,  p  94 

Tarryall  Creek  near: 

discharge WS  84,  p  94 

Como,  Mont. 

Bitterroot  River  near: 

description WS  38,  pp  367-368 

discharge Ann  19,  iv,  p  460; 

WS  28,  p  169;  38,  p  268 
Como  Creek  below— 
Lake  Montana: 

discharge Ann  19,  iv,  p  460 

Computations,  methods  of.  Ann  19,  iv,  pp  323-328 
Conant  Creek,  Idaho,  below— 
mouth  of  Squirrel  Creek: 

discharge WS  100,  p  461 

Conasauga  Creek  near— 
Jalapa,  Tenn.: 

discharge WS  49,  p  218 

Mecca,  Tenn.: 

discharge ws  49,  p  218 


Conasauga  River  near— 
Alaculsy,  Ga.: 

discharge WS  49,  p  209 

Resaca,  Ga.: 

discharge WS  49,  p  209 

Conasauga  River  and  tributaries: 

discharge,  miscellaneous WS  49,  p  209 

Concho  River,  Tex. : 

description WS  66,  pp  61-62 

discharge WS  66,  pp  61-62 

Concord  ditch  in— 
Spearrish  Valley: 

discbarge WS  99,  p  136 

Concordia,  Kans. 

rainfall  data Ann  20,  iv,  pp  306,  310,  313 

Condit,  Mich. 

South  Branch  Kalamazoo  River  near: 

discharge WS  97,  p  458 

Conejos  River,  Colo.,  near- 
Los  Mogotes: 

description WS37,  pp  278-279;  50,  p348 

discharge WS  37,  p  279;  50,  p  348 

discharge,  monthly Ann  22,  iv,  p  348 

gage  heights WS  37,  p  279;  50,  p  348 

rating  table WS  52,  p  519 

See,  also,  Conejos  River  near  Mogote. 
Mogote: 

description WS  99,  p  397 

discharge WS  99,  p  398 

discharge,  monthly WS  99,  p  399 

gage  heights WS  99,  p  398 

rating  tables WS  99,  p399 

seepage  computations ws  50,  p  306 

Confluence,  Pa. 

Cassellman  River  near: 

discharge WS  27,  p  66 

Laurel  Hill  Creek  near: 

discharge ws  27,  p  66 

Yougbiogbcny  River  near: 

discharge WS  27,  p  66 

Congaree  River  near- 
Columbia,  S.  C: 

description WS  36,  pp  125-126 

Conifer,  Colo. 

Turkey  (reek  near: 

discharge ws  84,  p  91 

Conneaut  Greek,  Pa.-Ohio: 

description Ann  18,  iv,  p,  165 

Connellsville,  Pa. 

Youghiogheny  River  mar: 

discharge WS  27,  p  66 

Connecticut  River  near- 
Hanover,  N.  H  : 

discharge Ann  21,  iv,  p  63 

Hartford,  Conn.: 

description Ann  20,  iv.  pp  77-78; 

WS  35,  p  42;  47,  p  35;  65,  p 

30;  82,  pp  48-49;  97,'pp  84-85 

discharge,  monthly.  Ann  14,  ii,  pp  141-144 

discharge,  yearly Ann  20,  iv,  p  47 

gage  heights TVS  35,  pp  43-44; 

47,  p35;  65,  pSl;  *2,  p  49;  97,  p  85 
Holyoke,  Mass.: 

description Ann  19,  iv,p  116;  20,  iv, 

p76;  Bull  140,  p.  37;  WS 
35,  p  40;  47,  p  35;  65,  p  30 
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Connecticut  River  near — Continued. 
Holyoke,  Mass.— Continued. 

discharge,  daily WS35,  pp  41-42 

discharge,  monthly Ann  19,iv,p  116; 

20,  iv,  p  76;  Bull  140,  pp  38-41 

discharge,  yearly Ann  20,  iv,  p  47 

hydrographs Ann  19, 

iv,p  117;  20,  iv,  p  77 
Orford.N.  H.: 

description WS  47,  p  34; 

65,  p  29;  82,  p  46;  97,  p  81 
discharge. . . .  WS  65,  p  29;  82,  p  47;  97,  p  81 

discharge,  monthly WS  75,  p  23; 

82, p  48;  97,  p  84 

gage  heights WS  47,  p  34; 

65,  p  30;  82,  p  47;  97,  p  82 
rating  tables. . .  WS  65,  p  318;  97,  pp  82-84 
Connecticut  River  basin: 

description Ann  14,  ii ,  pp  140-141 ; 

21,  iv,  p  62;  WS  97,  pp  80-81 

map Ann  21,  iv,  p  62 

rainfall  and  run-off  relation Ann  14,  ii, 

pp  144-146 
Conococheague  Creek  in— 
Potomac  River  basin: 

description,    discharge,    water     powers, 

and  pollution Ann  19,  iv,  p  148 

Contoocook  River  near — 
West  Hopkinton,  N.  H.: 

description WS  97,  p  75 

discharge WS  97,  p  75 

gage  heights WS  97,  p  76 

Conversion  tables  . . .  Ann  11,  ii,  pp  4-5;  Bull  140, 
pp  29-32;  WS  27,  pp  96-100;  75,  p  226 
Cook  and  Burns  ditch  in — 
Spearfish  Valley: 

discharge WS  99,  p  136 

Cook  ditch  in— 

Spearfish  Valley: 

discharge WS  99,  p  136 

Coolidge,  Kans. 

Arkansas  River  near: 

description WS  99,  p  272 

discharge WS  99,  p  273 

discharge,  monthly WS  99,  p  274 

gage  heights WS  99,  pp  272-273 

rating  table WS  99,  pp  273-274 

Coon  Creek,  Nebr.: 

discharge Ann  20,  iv,  p  298 

Coopers  Creek,  Ga.,  in— 
Toccoa  River  basin : 

discharge WS  49,  p  218 

Coosa  Creek  near — 
Coosa  Creek,  Ga.: 

discharge WS  49,  p  217 

Coosa  River,  Ala. : 

description Ann  21,  iv,  p  148 

near  Lock  No.  4: 

description WS  15,  p  51; 

36,  p  150;  48,  p  165;  65,  p  280 
gage  heights...  WS  11,  pp  31-34;  15,  p  52; 
27,  p  54;  36,  p  151;   48,  p  166;  65,  p  280 
near  Lock    O.  5: 

description Ann  18,  iv,  pp  101-102; 

WS  15,  p  51;  36,  pp  150-151;  48,  p  165 


Coosa  River,  Ala. — Continued, 
near  Lock  No.  5 — Continued. 

gage  heights WS  1 1,  pp  34-36;  15,  p- 

53;  27,  p  55;  36,  p  151 

rating  table  ^. Ann  18,  iv,  pp  102-103 

near  Riverside,  Ala.: 

description Ann  18,  iv,  pp  99-100;  WS 

15,  p  51;  27,  p  48;  36,  p  149;  48,  p  164; 
65,    p  279;  83,    pp  143-144;    98,    p   146 

discharge Ann  18,  iv,  p  100; 

19,  iv,  p  247;  WS  15,  p  51;  27, 
p  57;  36,  pp  149-150;  48,  p  164; 
65,  p  279;  83,  p  144;  98,  p  147 

discharge,  monthly Ann  1<S,  iv,  p.  101; 

19,  iv,  p  248;  20,  iv,  p  1*7;  21, 
iv,  p  150;  22,  iv,  p  200;  WS 
75,   p  91;    83,  p  145;  98,   p  148 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  11,  p30; 

15,  P52;  27,  p  54;  36,  p  150;   18,  p 
165;  (15,  p  280;  83,  p  144;  98,  p  147 

hydrographs Ann  19,  iv,  p  249; 

20,iv,pl87;  21,iv,p  150; 
22,   iv,  p   200;    75,    p   91 

map Ann  19,  iv,  p  246 

rating  tables Ann  18;  iv,  plOl; 

19,  iv,  p  24S;  -WS  27,  p  58;  39,  p  445; 
52,  p  514;  65,  p  322;  83,  p  145;  98,  p  148 
near  Rome,  Ga.: 

description WS  27,  p  48;  36,  p  148; 

48,  p  163;  65,  p  278;  83,  p  146;  98,  p  149 

discharge WS  27,  p  57;  36,  p  148; 

48,  p  163;  83,  p  146;  98,  p  149 

discharge,  monthly Ann  20,  iv, 

p  185;  21,  iv,  p  149;  22  iv,  p  199; 
WS  75,  p  90;  83,  p  148;  98,  p  151 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  27,  p  53;  36,  p  149; 

48,  p  164;    65,   p  279; 
83,  pp  146-147;  98  p  150 

hydrographs. Ann  20,  iv,  p  186; 

21,  iv,  p  149;  22,  iv,  p  199 

rating  tables WS  27,  p  58;  39,  p  445; 

52,  p  514;  65,  p  322;  83,  p  147;  9s,  p  150 
near  Wetumpka,  Ala.: 

description WS  1 5,  p  54 ; 

27,  p  48;  36,  p  152 

discharge WS  15,  p  54 

discharge,  monthly Ann  ,22,  iv,  p  200 

gage  heights WS  15,  p  55;  27,  p  55; 

Coosa  River  basin: 

description Ann  19,  iv,  p  241;  20,  iv,  p  184 

discharge,  miscellaneous WS  49,  p  210 

rainfall  and  river  stations: 

map Ann  20,  iv,  p  178 

rainfal  1  and  run-off  relation . .  Ann  20,  iv,  p  181 

rainfall  data Ann  20,  iv,  pp  177-180, 181 

See  also  WS  107,  pp  61-108. 

Coosawattee  River,  Ga. : 

description Ann  21,  iv,  p  146; 

22,  iv,  pp  194-195 

elevations  and  bench  marks Ann  22, 

iv,  p  196 
map Anu  22  iv,  p  194 
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Coosa wattee  River.  Ga.—  Continued. 
near  Carters: 

description Ann  18,  iv,  pp  96-97; 

WS  15,  p  49;  27,  p  48:  36,  pp 
144-145;  48,  p  161;  65,  p  276; 
83,  I'  L51;  98,  pp  156-157 
discharge...  Ann  18,  iv,  p  97;  WS15,p49; 
27,  p57;  36,  p  145;  48,  p  161; 
65,  p  276;  83,  p  151;  98,  p  157 

discharge,  monthly Ann  19,  iv,  p  244; 

20,  iv,  pplSO,  191;  21,  iv, 
P  140;  22,  iv,  p  197;  WS 
75,  p89;  83,  p  153;  98,  p  159 

discharge,  yearly Ann  20,  Lv,p  5] 

gage  heights WSll,p27;  15,p49; 

27,p52;  36,  l'  146;    is,  p  102;  05, 
p277:  83,  p  152;  98,  pp  157   158 

hydrographs Ann  19, iv, p  244;  20,iv, 

p  L92;  21,iv,p  117;  22,iv,p  197 

rainfall  and  run-off  relation Ann  20, 

iv,  p  lsi 

rating  tables Ann  18,  iv,  p  98;  19, 

.iv.  p243;  WS27,p  58;  39,p  115;  52. 

p  514;  ii5,  P322;  83,p  153;  98,  p  158 

profile Ann  22.  iv,  p  195 

Coosawattee  River  and  tributaries,  Ga.: 

discharge,  miscellaneous ws  19,  p209 

Copperas  ("reek.  111. 
Illinois  River  near: 

discharge Ann  21,  iv,  p  176 

Copper  City,  Cal. 

Squaw  ('reck  near: 

discharge ws  i;c,  p  107 

Copper  Creek  near — 
Gothic,  Colo.: 

discharge "WS  100,  p  94 

Corbett,  Wyo. 

Slinking  Water  River  near: 

discharge Ann  13,  iii,  p  70 

Cordova,  Ala. 

Black  Warrior  River  near: 

description WS  48,  p  171; 

83,  p  156;  98,  p  161 

discharge ws  is,  ,,  L71; 

83,  p  157;  98,  p  162 

discharge,  monthly ws  83,  p  158; 

98,  |>  163 

gage  heights ws  is,  p  172; 

83,  p  157;  98,  p  162 

rating  tables ws  65,  p  323; 

83,  p  158;  98,  p  163 
Mulberry  F«nk  Black  Warrior  River  near- 
description  ws  65,  p  283 

discharge WS  05.  p  283 

discharge,  monthly WS  75.  p  95 

gage  heigh  is  WS  05.  | ,  28 1 

Cordova,  X.  Mex. 

Rio  de  Taos  mar: 

disc  ha  rue Ann  11,  ii.  p  107 

Corlett,  Wyo. 

Clear  Creek  near: 

discharge WS  84,  p  94 

North  Fork  Clear  (reek  near: 

discharge WS  84,  p  94 

Cornlea,  Nebr. 

rainfall  data Ann  20,  iv,  pp  257,  201,  265 


Cory,  Colo. 

Gunnison  Ki\  er  near: 

description ws  100,  p  76 

discharge WS  100,  pp  70,  9:> 

discharge,  monthly WS  100,  p  78 

gage  heights WS  100,  p  77 

rating  table  WS  inn.  p  77 

Cosby  Creek  near — 
Bison,  Tenn.: 

discharge WS  19,  p  217 

Cosby,  Tenn.: 

discharge WS  49,  p  217 

Costiganj  Me. 

Penobscol  River  near: 

description ws  65,  p  14 

discharge,  daily WS65,ppl4  15 

discharge,  monthly ws  75,  p20 

Cost  of  maintaining  gaging  stations ws  35, 

pp  13  15 
Cosumnes  River,  Cal. 

discharge,  low  water Ann  22,  iv,  p  195; 

WS39,  p432;  51,  p  480 

discharge,  yearly Bull  140,  pp  311, 312 

Cottonwood  Creek.  Cal.,  near— 
Olancho: 

discharge ws  loo,  p225 

( lottonwood  Creek.  Colo.,  below — 

junction  of  Middle  and  South  forks: 

hydrograph Ann  12,  ii,  p  240 

Cottonwood  Creek,  Colo..  Middle  Fork: 

discharge Annii.ii,  p47 

mar  P.uena  Vista,  Colo.: 

discharge,  monthly Ann  11,  ii,  p  96 

Cottonwood  Creek,  Colo.,  South  Fork: 

discharge Ann  11,  ii,  p  17 

near  buena  Vista,  Colo.: 

discharge,  monthly Ann  11,  ii,  p  97 

Cottonwood  Creek,  Nebr. 

discharge ws  39,  p  139 

( 'oil  on  wood  ('reek.  Nev.: 

discharge ws  100,  p  226 

Cottonwood  Creek,  Wyo.,  near— 
Afton: 

discharge Bull  131,  p  91 

Coulterville,  Cal. 

rainfall  data WS  00,  pp  L68,  P.'.' 

( !ove  Cicck,  N.  c..  in- 
broad  River  basin: 

discharge ws  19,  pp  205, 206 

Cove  Creek,  N.  c.  in— 
Watauga  River  basin: 

discharge ws  19,  pp215,216 

Covina,  Cal. 

rainfall  data Ann  19.  iv,  pp  538,  539 

•  'o\  ington,  Ga. 

Alcoyy  River  near: 

description  WS65,p260; 

83,  pill;  98,  p|>  99  LOO 

discharge ws  05,  P260; 

83,  ]>  111;  98,  p  Kin 

discharge,  monthly WS  75,  pp  69,  75; 

83,  ]>  113;  98,  p  102 

gage  heights WS  65,  p  261; 

83,  p  112:  98,  pp  100-101 

rating  tables WS  83,  p  112;  98,  p  101 

rainfall  data Ann  20,  iv, 

pp  158,  160,  101;  WS  75,  pp  72,  73 
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Cow  Creek,  Cal.,  in— 

Stanislaus  River  basin: 

discharge Ann  18,  iv,  pp  372,  375 

Cow  Creek,  Colo. 

at  and  near  junction  with  the  Uncom- 
pahgre: 

discharge WS  100,  p  94 

Cow  Creek,  Wyo.,  in — 
Carbon  County: 

discharge "WS  84,  p  94 

Cowiche  Creek,  Wash.: 

description Ann  22,  iv,  p  444 

discharge "WS  51,  p  443 

reservoir  and  dam  site  on: 

description Ann  19,  iv,  pp  466-467 

map Ann  20,  iv,  p  507 

Cowiche  Creek,  South  Fork: 

weir  on Ann  22,  iv,  pp  444-445 

Cowlitz  River  basin,  Wash.: 

description Ann  22,  iv,  pp  455-457 

Cowpasture  River  near — 
head  of  James  River,  Va.: 

discharge Ann  19,  iv,  p  170 

Cox  Creek  near— 
Ellijay,  Ga.: 

discharge WS  49,  p  209 

Coyote  Creek  near — 
Bishop,  Cal.: 

discharge "WS  100,  p  225 

Crabtree  Creek  in — 

Nolichucky  River  basin,  N.  C: 

discharge WS  49,  p  213 

Crafton  zanja  [canal],  Cal.,  in — 
San  Bernardino  Valley,  Cal.: 

description Ann  19,  iv.  pp  553-559 

discharge WS  100,  p  353 

Crafton  zanja  and  Mill  Creek,  Cal.: 

discharge WS  100,  p  353 

Crafton  zanja  head  works,  Cal.: 
Mill  Creek  near: 

description W3  39,  p  421 

discharge. . .  WS  39,  p  421;  1"0,  pp  352-353 

discharge,  daily WS  39, 

pp  421-422;  51,  p  477 

discharge,  monthly Ann  21,  iv, 

p  485;  22,  iv,  p  505;  WS  75,  p  224 
See  also  Mill  Creek. 
Craig,  Colo. 

Elk  Head  Creek  near: 

discharge WS  66,  p  98;  100,  p  103 

Fortification  Creek  near: 

discharge WS  66,  p  98;  100,  p  103 

Yampa  River  near: 

description WS  66,  p  90;  85,  p  74 

discharge WS  28,  p  143;  50,  p  375; 

66,  p  90;  85,  p  74;  100,  p  103 
discharge,  low  water...  Ann  22,  iv,  p  396 

discharge,  monthly WS  85,  p  75 

gage  heights WS  66,  p  91;  85,  p  74 

rating  table WS  85,  p  75 

Craig,  Mont. 

Missouri  River  near: 

description Ann  14,  ii,  p  104 

discharge,  monthly..  Ann  ll,ii,p94;  12, ii, 
pp  347, 360;  13,  hi,  p  9:  I4,ii,p  L04 


Craig,  Mont.— Continued. 

Missouri  River  near— Continued. 

discharge,  yearly Ann  13,  iii.  p  98; 

20,  iv.  p.".:; 
hydrographs. .  Ann  12,  ii,  p  232;  13,  iii,  p  58 
Craigs  Creek  in — 

James  River  basin,  Va.: 

discharge Ann  19,  iv,  p  170 

Cranberry  Creek  near — 
Cranberry,  N.  C: 

discharge WS  49,  p  216 

Crane  Creek  in— 

Eiowah  River  basin,  Ga.: 

discharge WS  49,  p  208 

Crawford,  Nebr. 

Soldier  Creek  near: 

discharge WS  27,  p  88 

White  River  near: 

description Ann  19,iv,p298;  WS 

15,  p  79 

discharge Ann  18,  iv,  p  193; 

20,  iv,  pp  303-304;   WS  15,  p 
79;  27,  p  88;  39,  p  440;  50,  p  311 

discharge,  monthly Ann  19,  iv,  p  299 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights WS  15,  p  79 

rating  table Ann  19,  iv,  p  299 

Crawfords  Creek  in— 

Coosa wattee  River  basin,  Ga.: 

discharge WS  49,  p  209 

Creeklocks,  N.  Y. 

Delaware  and  Hudson  Canal  near: 

description WS  82,  p  113;  97,  p  152 

diversion  from  Rondout  Creek  to...  WS 
97,  p  153 
Creighton,  Ga. 

Sittingdown  Creek  near: 

discharge WS  49,  p  208 

Creston,  N.  C. 

North  Fork  of  New  River  near: 

discharge WS  49,  p  210 

Three  Top  Creek  near: 

discharge WS  49,  p  210 

Crete,  Nebr. 

Blue  River  near: 

discharge WS  84,  p  112 

rainfall  data Ann  20,  iv,  pp  306,  308,313 

Crib  Creek  in— 

Catawba  River  basin,  N.C.: 

discharge WS  49,  p  204 

Cripple  Creek,  Va. 
near  mouth: 

discharge Ann  19,  iv,  pl73 

Crockers,  Cal. 

rainfall  data..  Ann  18,   iv,  p  418;   19,  iv,    pp 
538,   539;  20,  iv,  pp  560,   561;  WS  39,  pp 
437,  438;  52,  pp   495,496;  66,  pp  168, 169 
Crockery  Creek  near— 
Slocums  Grove,  Mich.: 

description WS  s;>,,  pp  l'77-278; 

97,  pp  447-448 

discharge. WS  83,  p  278 

gage  heights WS  83,  p  279:  97,  p  148 

Croghan,  N.  Y. 

Beaver  River  near: 

description WS  65,  pp  100-101; 

82,  p  61;  97,  pp  364  365 
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Croghan,  N.  Y.— Continued. 

Beaver  River  near— Continued. 

discharge WS  65,  p  101; 

82,  p61;  97,  p  365 

discharge,  daily WS  97,  pp  367-369 

discharge,  monthly WS  97.  p  370 

gage  heights WS  65,  p  101 ; 

82,  p  62;  97,  p  366 

rainfall  data WS  97.  p  370 

rating  table WS  97,  p  366 

Crooked  Arroyo  near— 
Lajunta,  Colo.: 

'  discharge WS  99,  p  307 

Crooked  Creek.  Nebr.: 

discharge Ann  20,  iv,  p  299; 

WS  39,  p  439:  84,  p  112 
Crooked -River  at— 
Prineville,  Oreg.: 

discharge Ann  19,  iv,  p  496,  498 

Crooked  Run  in— 

Shenandoah  River  basin: 

discharge Ann  19,  iv.  p  136 

Crookston,  Minn. 

Red  Lake  River  near: 

description WS  66,  pp  10-11; 

85,  pp  234-235;  100,  pp  I'.'l    192 

discharge WS  66,  p  11; 

85,  p235;  LOO,  p  192 

discharge,  monthly WS  100,  p  491 

gage  heights WS  66,  p  11;  85,  p 

235;  100,  pp  192   193 

rating  table WS  100,  p  193 

Cross  Creek  near— 

Mingo  Junction,  Ohio: 

description ws  98,  p  2:;7 

discharge WSH\  p  237 

gage  heights WS  98,  1 1  237 

Cross  Creek  drainage  basin: 

description WS  98,  |  »p  236  237 

Croton  dam  (new),  N.  Y.: 

section Ann  20,  iv.  p  84 

Croton  dam  (old)  N.  Y. 

Croton  River  near.    See  Croton  River. 
Croton  River,  N.  Y.: 

description WS  35,  p  62 

discharge,  monthly WS  35,  p  62 

discharge,  monthly  and  yearly  Ann  20, 

iv,  p  83 

rainfall  data WS  35,  p  62 

near  old  Croton  dam,  N.  V.: 

description WS  17.  p  79;  65,  pp  76-79 

discharge,  monthly WS  17.  p  80; 

65,  pp  K0-84 

discharge,  yearly Ann  20,  iv,  p  47 

rainfall  data WS  47,  p  80 

Croton  River  basin,  X.  V.: 

description..  Ann  20,  iv,  p  81;  21,  iv.  pp  74-75 

map Ann  21,  iv,  p  74 

rainfall  data Ann  20,  iv,  pp  82-83; 

WS  65,  p  80,  84-85 
rainfall  and  run-off  relation..  Ann 21,  iv,p75 

storage  reservoirs WS  65,  p  78 

Crow  Creek,  Mont.: 

description WS  49,  pp  266-267 

discharge Ann  22,  iv,  p  436 


Crow  Creek,  Mont. — Continued, 
near  Radersburg,  Mont.: 

description WS  66,  p  21 

discharge WS  49,  p  266; 

66,  p21;  84,  p  50;  99,  p  136 

gage  heights. WS  66,  p  22 

Crow  Creek,  Wyo. 

discharge Bull  131,  p  91 

(row  Creek,  Wyo.,  Middle  Fork,  near— 
Hecla: 

description WS  99,  pp  181-182 

discharge WS  99,  p  182 

discharge,  monthly WS  99,  p  183 

gage  heights WS  99,  p  182 

rating  table WS  99,  p  183 

Crow  (  reek,  Wyo.,  South  Fork  of,  in— 
Laramie  County: 

discharge WS  84,  p  94 

Crow  Wing  River.  Mont.: 

in  Mississippi  River  basin: 

discharge Ann  22,  iv,  p  219 

near  Pillager: 

description WS  99,  p  1  1 

discharge WS  99,  p  15 

gage  heights WS  99,  p  15 

Crow  Wing  River  basin: 

description WS  99,  p  14 

I  rue/  ditch  near- 
Story.  Wyo.: 

description WS  99,  p  79-80 

discharge ws  99,  p  80 

gage  heights ws  99,  p80 

Crystal  Creek,  Colo.,  in— 
Grand  River  basin: 

discharge WS  100,  p  94 

Crystal  Lake  outlet  near — 
Iron  Mountain,  Mich.: 

discharge WS83,  p258 

Crystal  Run  in— 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  137 

Crystal  Springs  reservoir  in— 
San  Mateo  County,  CaL: 

discharge,  yearly Ann  18,  iv,  p  370 

engineering  features Ann  13,  iii, 

pp  300-301 
Cuba,  Cal. 

Joe  Grey  Creek  near: 

discharge Ann  li,  ii.  pp  65, 108 

Cub  River,  Utah: 

above  irrigation  canals: 

discharge Ann  18,  iv,  p  318 

Cub  River  Idaho- 
near  Franklin: 

description WS  51,  p  410;  66,  p  118 

discharge WS  51,  p  410;  66,  p  118 

discharge,  monthly Ann  22,  iv,  p  408 

gage  heights WS  51,  p  411 

rating  table WS  52,  p  521 

Cucamonga  Creek,  Cal. 

in  Santa  Ann  River  basin,  Cal.: 

description Ann  21,  iv,  pp  480-481 

discharge. . .  WS  66,  p  167;  85,  p  179;  100,  p.351 
discharge,  low  water  .  WS  28,  p  197;  39,  p  434 
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Cucamonga  Creek,  Cal.— Continued, 
in  canyon: 

discharge Ann  20,  iv,  p  553 

Cuero,  Tex. 

Guadalupe  River  near: 

description WS  84,  p  156;  99,  p  337 

discharge WS  m,  p  62;  99,  p  338 

discharge,  monthly WS  99,  p  3.40 

gage  heights WS  99,  pp  338^339 

rating  table WS  99,  p  339 

Culbertson,  Nebr. 

Frenchman  River  near: 

discharge Ann  18,  iv,  p  206; 

20,  iv,  p  299;  Bull  140,  pp  135-136; 
WS  39,  p  439:  50,  p  310;  84,  p  112 

rainfall  data Ann  20,  iv,  pp  306,  307,  313 

Republican  River  near: 

discharge Ann  18,  iv,  p  206; 

20,  iv,  p  302;  Bull  131,  p  91;  140,  p  136: 
WS  50,  p  311:  66,  p  43;  84,  pp  112,  113 
Culbertson  canal  at — 
head-gate,  Nebr.: 

discharge. .  Ann  18,  iv,  p  206;  WS  39,  p  439 
Cumberland,  Md. 

North  Branch  Potomac  River  near: 

discharge WS  27,  p  24 

discharge,  monthly Ann  19,  iv,  p  147; 

20,  iv,  p  120 

discharge,  yearly Ann  20,  iv,  p  49 

hydrograph Ann  19,  iv,  p  147 

rating  table Ann  19,  iv,  p  146 

Potomac  River  near: 

description Ann  18,  iv,  p  22; 

Bull  131,  p  88;   140, 
pp 45-46;  WS15,pl5 

discharge Ann  18,  iv,  p  22; 

Bull    131,  pp  90,  91; 

140,  p  46;  WS15,  p  15 

discharge,  monthly  .  Ann  18,  iv,  pp  23-24 

gage  heights Bull  131,  p  88; 

140,  p47;  WS11.  p  8;  15,  p  15 

hydrograph Ann  18,  iv,  p  24 

rating  table Ann  18,  iv,  p  23; 

rainfall  data Ann  20,  iv,  pp  117,  118,  121 

Bull  140,  p  46 
Wills  Creek  near: 

discharge.  Ann  19,  iv,  p  145;  WS  27,  p  24 
Cumberland  River  near— 
Burnside,  Ky.: 

discharge "WS  83,  p  202 

Nashville,  Tenn.: 

description WS  65,  p  296; 

83,  p  200-201;  98,  p  253 

discharge WS  65,  p  297 

gage  heights WS  65,  p  297; 

83,  p201;  98,  p  254 
Williamsburg,  Tenn.: 

discharge WS  98,  p  254 

Cumberland  River,  Clear  Fork  of,  near— 
Clearfield,  Tenn.: 

discharge WS  S3,  ]>  202 

Cumberland  River  drainage  basin: 

description WS  83,  p  200;  98,  p  253 

Cumnock,  N.  C. 

Deep  River  near; 

description WS  is.  p  L36; 

65,  p  243;  83,  p  49 
IRR   119—05 5 


Cumnock,  N.  C— Continued. 
Deep  River  near— Continued. 

discharge , WS  48,  p  136; 

65,  p  243;  83,  p  49 

discharge,  monthly WS  75,  p  55; 

83,  p  51 

gage  heights WS  48,  p  137; 

65,  p  244;  83,  p  50 

rating  tables WS  65,  p  320;  83,  p  50 

Cunningham,  Kans. 

rainfall  data Ann  20,  iv,  pp  326,  328,  330 

Current  Creek,  Utah: 

description WS  52,  p  508 

Current  Creek  Reservoir,  Utah: 

description,  area,  and  capacity Ann  19, 

iv,  pp  443-444 
Current  meters: 

methods  of  rating Ann  11,  ii,  pp  11-14; 

19,  iv,  pp  28-30;  Bull  140,  pp  331-335 
rated  in  1896: 

list  of WS  11,  p  93 

rating  stations  for: 

description Bull  140,  pp  331-332 

rating  tables  for Bull  140,  pp  332,  335-341 

made  in  1896 WS  11,  p  94 

See  also  Methods  of  investigation. 
Currier  reservoir  site  in— 
Salinas  River  Basin,  Cal.: 

description Ann  22,  iv,  p  486 

Curtis  Creek  near— 
Oldfort,  N.  C: 

discharge WS  49,  p  204 

Custer,  S.  Dak. 

French  Creek  near: 

discharge WS  49,  p  272 

Cutbank  River,  Mont.: 

discharge WS  49,  p  269 

Cutbank  River,  North  Fork  of,  Mont.: 

discharge. WS  49,  p  269 

Cuyahoga  Falls,  N.  Y. 
Cuyahoga  River  near: 

discharge Ann  18,  iv,  p  467 

Cuyahoga  River: 

description Ann  18,  iv,  pp  466-467 

discharge Ann  18,  iv,  p  467 

near  Cleveland,  Ohio: 

description WS  97,  pp  417-418 

discharge WS  97,  p  418 

gage  heights WS  97,  p  418 

near  Independence,  Ohio: 

description WS  97,  pp  418-419 

discharge WS  97,  p  419 

gage  heights WS  97,  p  419 

Cuyamaca,  Cal. 

rainfall  data Ann  19,  iv,  pp  538,  539; 

20,  iv,  pp  560,561;  WS  39, 
pp  437,  438;  52,  p  495,  496; 
66,  pp  168,  169;  75,  p  230 
Cuyamaca  dam,  Cal.: 

description Ann  18,  iv,  pp  698-700 

Cuyamaca  reservoir: 

description Ann  13,  iii,  pp  286-290 

rainfall,  evaporation,  and  run-off...  Ann  18, 

iv,  p  674 
Cyclone  ditch  in — 

Rapid  Creek  Valley: 

discharge WS  99,  p  135 
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Dacula,  i  la. 

Appalachee  River  near: 

discharge WS  49,  p  207 

Dadeville,  Ala. 

Big  Sandy  Creek  near: 

description WS  48,  p  174;  65,  p  273 

discharge WS  36,  p  153; 

48,  p  174;  49,  p  210;  65,  p  273 

discharge,  monthly Ann  22,  iv, 

p  209;  WS  75,  p  83 

gage  heights WS  48,  p  174;  65,  p  273 

hydrograph Ann  22,  iv,  p  210 

rating  tables WS  52,  poll;  65,  p  322 

Chattasafke  Creek  near: 

discharge WS  49,  p  210 

Dahlonega,  Ga. 

Cane  Creek  near: 

discharge. .  Ann  19,  iv,  p  240;  W  49,  p  203 
Chestatee  River  near: 

discharge Ann  19,  iv.  )>  240; 

WS49,  p208;  98,  p  128 

rainfall  data Ann  20,  iv.  pp  177.  L79,  1M 

Singleton  ditch  near: 

discharge WS  49,  p  208 

Yahoola  Creek  near: 

discharge WS49,  p  208 

Yahoola  ditch  near: 

discharge.  Ann  19,  iv,  p240;  WS  49,  p  208 
Daisy  Meadows  reservoir  site  in— 
Kings  River  basin,  Cal.: 

description Ann22,iv,  p  171 

Dakotas: 

artesian    waters    of    a    portion   of,    by  N.    H. 
Darton Ann  17,  ii.  pp  603  694 

Dale  Enterprise,  Va. 

rainfall  data Ann  20,  iv,  pp  117,  119,  121; 

WS  75,  pp45,  17,  50 
1  >a  I  las,  Tex. 
•        Trinity  River  near: 

description WS  28,  p  118;  37,  p  271 

discharge WS  28,  p  129;  37,  p  271 

gage  heights WS  28,  p  121;  37,  p  272 

Dallas  Creek,  Colo.,  in- 
Grand  River  basin 

discharge WS  100,  p  94 

Dallas  Creek,  West,  in- 
Grand  River  basin,  Colo.: 

discharge ws  100,  p  95 

Dalton  Creek,  in— 

San  Gabriel  River  basin,  Cal.: 

discharge WS  100,  p  348 

Damascus,  Va. 

Beaver  Dam  Creek  near: 

discharge WS  49,  p  214 

Laurel  Fork  Holston  River  near: 

discharge WS  49,  p  214 

Dam  construction: 

discussion  of Ann  13,  iii,  pp  321-325 

law  of,  on  Michigan  streams  ...  ws  83,  p  244 
Dannebrog,  Nebr. 
Oak  Creek  near: 

discharge WS39,  p  440 


Dan  River  near— 
Clarksville,  Va.: 

description Ann  18,  iv,  p  42; 

Bull  140,  pp  66-67;  WS  15,  p  26;  27,  p  25 

discharge Ann  18,  i v,  p  43; 

Bull  140,  p  67;  WS  15,  p  26;  27,  p  44 

discharge,  monthly Ann  18,  iv,  p  45; 

19,  iv,  p  179;  20,  iv,  p  139 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights Bull  140,  p  68; 

WS  11.  p  12;  15,  p  27;  27,  p  33 

hydrograph Ann  19,  iv,  p  179 

rainfall  and  run-off  relation Ann  20, 

iv,  p  139 
rating  tables..  AnnlS,  iv,  p44;  19,  iv,pl78 
Danville,  Va.: 

description Ann  19,  iv,  pp  176-177; 

WS  36,  p  108 

water  powers Ann  19,  iv,  pp  176-177 

Madison,  N.  C: 

description WS  98,  pp  16-17 

discharge WS  98,  p  17 

gage  heights ws  98,  pp  17-18 

South  Boston,  Va.: 

description WS  48,  pp  132-133; 

65,  p  240;  83,  p  19;  98,  p  18 

discharge.. WS  48,  p  133; 

6."),  p  240;  83,  p  19;  98,  p  19 

discharge,  monthly WS7f>,  pp  52-53; 

83,  p  21;  98,  p  21 

gage  heights WS  48,  p  133; 

65,  p241;  83,  pp  19-20;  98,  p  19 

rating  tables WS  65,  p  319; 

83,  p  20;  98,  p  20 
Danville,  Pa. 

North  Branch  Susquehanna  River  near: 

description WS  35,  p  77; 

48,  pill;  65,  p  220;  82, 
p  155;    97,    pp  282-283 

discharge ws  85,  p  77; 

is.  p  111;  65,  p  220;  82,  p  155;  97,  p  283 

discharge,  monthly Ann  21,  iv,  p  89; 

22,  iv,  ]>  126;  WS75,  pp 
30-31;  82,  p  157;  97,  p  285 

gage  heights WS  35,  p  78;  48, 

}.  Ill:  •;:,.  p  221;  82,  p  156;  97,  p  283 

hydrographs Ann  21,  iv,  p  89; 

22,  iv,  p  126 

rating  tables WS39,p442;  52,  p 

511;  65,  p  318;  82,  p  157;  97,  p  284 
Danville,  Va. 

Dan  River  near: 

description Ann  19,  iv  pp  176-177: 

WS  36  p  108 

water  powers Ann  19,  iv,  p  176-177 

Dark  Ridge  Creek,  Tenn.,  in— 
Watauga  River  basin: 

discharge WS  49,  p  216 

Darton,  N.  H.,  papers  by: 

on  new  developments  in  well  boring  and  irri- 
gation in  eastern  South  Dakota...  Ann  18, 
iv,  pp  561-615 
on  geology  and  water  resources  of  the  south- 
ern half  of  the  Black  Hills  and  adjoining 
regions  in  South  Dakota  and  Wyoming. 
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Darton,  N.  H.,  papers  by— Continued. 

preliminary  report  on  artesion  waters  of  a 

portion  of  the  Dakotas Ann  17, 

ii,  pp  603-694 
preliminary  report  on  the  geology  and  water 
resources  of  Nebraska  west  of  the  one  hun- 
dred and  third  meridian Ann  19,  iv, 

pp  719-785 
Daunt,  Cal. 

rainfall  data Ann  18,  iv,  pp  396, 418 

David  City,  Nebr. 

rainfall  data Ann  20,  iv,  pp  306, 308, 313 

David  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  171 

Davids  Run  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  170 

Davidson  River  in- 
French  Broad  River  basin,  N.  C: 

discharge WS  49,  p  211 

Davis,  Arthur  P.,  papers  by: 

hydrography  of  Nicaragua Ann  20,  iv, 

pp  563-637 
hydrography  of  the  American  Isthmus.. 

Ann  22,  iv,  pp  570-630 
Davis  Creek  near— 
Toccoa,  Ga.: 

discharge WS  49,  p  207 

Davisboro,  Ga. 

Ogeechee  River  near: 

discharge WS  98,  p  80 

Williamsons  Swamp  Creek  near: 

description "WS  98,  pp  76-77 

discharge "WS  98,  p  77 

discharge,  monthly WS  98,  p  79 

gage  heights WS  98,  p  7s 

rating  table WS  98,  p  78 

Dawson,  Ga. 

Etowah  River  near: 

discharge "WS  83,  p  164 

Dawsonville,  Ga. 

Pigeon  Creek  near: 

discharge WS  49,  p  208 

Shoal  Creek  near: 

discharge WS  49,  p  208 

Dayton,  Nev. 

ditches  between  Casson  Sink  and: 

discharge WS  100,  p  257 

Dayton,  Wash. 

rainfal  1  data Ann  20,  iv,  pp  512,  514 

Dayton,  Wyo. 

Tongue  River  near: 

description WS  99,  p  82 

discharge "WS  99,  p  82 

gage  heights WS  99,  p  83 

Dead  River,  Me.,  near— 
The  Forks: 

description WS  65,  p  18; 

82,  pp  34-35;  97,  p  53 
discharge  . .  WS  65,  p  18;  82,  p  35;  97,  p  53 

gage  heights WS  65,  p  18; 

82,  p  35;  97,  p  54 
Dead  River,  Mich.,  near— 
Forestville: 

description WS  97,  pp  489-490 

discharge,  daily WS  97,  pp  490-494 

discharge,  monthly  . . .  WS  97,  pp  495-497 


Dead  River,  Mich.,  near— Continued. 
Negaunee: 

description "WS  83,  p  246;  97,  p  487 

discharge WS  83,  p  247;  97,  p  487 

discharge,  daily WS  97,  pp  488-489 

gage  heights WS  83,  p  247;  97,  p  487 

rating  table "WS  97,  p  488 

Dead  River  (Mich.)  drainage  basin: 

description WS  83,  pp  245-246 

Dead  Horse  Creek,  Nebr.: 

discharge Ann  20,  iv,  p  299;  WS  39,  p  439 

Deadman  Creek,  Nebr.: 

discharge WS  50,  p  310 

near  head  of  Phillip's  ditch: 

discharge "WS  50,  p  310 

near  head  of  Porter  and  Rasmussen's 
dams: 

discharge WS  50,  p  310 

Deansbury,  Colo. 

South  Platte  River  near: 

description Ann  18,  iv,  p  159; 

Bull  140,  pp  103-104;  WS  15,  p  87 

discharge Bull  140,  p  104 ;  "WS  15,  p  87 

discharge,  monthly Ann  13,  iii,  p  93; 

18,  iv,  p  162;  19,  iv,  p  312 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights Bull  140,  p  104; 

WS  11,  p52;  15,  p87 

hydrographs Ann  13,  iii,  p  84; 

18,  iv,  p 166;  19,  iv,  p  313 

rating  tables Ann  18,  iv,  pp  160-162; 

19,  iv,  p  312 
Dearborn,  Mo. 

Dearborn  River  near: 

discharge Ann  11,  ii,  p  107 

Dearborn  River  basin: 

irrigation  surveys Ann  13,  iii,  pp  55-56 

Deep  Creek,  Cal.: 

rainfall  data Ann  20,  iv,  pp  560, 561; 

WS  39,  pp  437,438;  52,  pp  495,496 
Deep  Creek,  Utah: 

discharge WS  66,  p  85;  100,  i  >  127 

Deep  River,  N.  C: 

description Ann  21,  iv,  pp  116-117 

near  Cumnock: 

description WS  48 

pl36;  65,  p  243;  83,p49 

discharge "WS  48 

pl36;  65,  p  243;  83,  p  49 
discharge,  monthly.  WS  75.  p  55;  83,  p  51 

gage  heights WS  48,  p  137; 

65,  p  244;  83,  p  50 

rating  tables WS  65,  p  320;  83,  p  50 

near  Moncure: 

description.. .  WS  27,  p  26;  36,  pp  113-114 
discharge..  WS  27,  p44;  36,  p  114;  48,  p  137 

discharge,  monthly Ann  21,  iv,  p  117 

gage  heights WS  27,  p  35;  36,  p  114 

hydrograph Ann  21,  iv,  p  118 

rating  table WS  39,  p  143 

water  powers Ann  19,  iv,  pp  189  192 

Deer  Creek,  Cal.: 

description Bull  140,  p  276 

discharge,  low-water WS  39,  p  133 

near  base  of  foothills: 

discharge,  yearly Bull  140,  pp  311, 312 
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Deer  Creek,  Cal.—  Continued. 
nearTruckee  River,  Cal.: 

discharge WS  51,  p  405 

Deer  Creek,  Nebr.: 

discharge Ann  20,  iv,  p  299 

Deer  Creek,  Okla.: 
near  Hydro: 

discharge WS  99,  p  312 

Deer  Park  Creek  near- 
Bailey,  Colo.: 

discharge WS  84,  p  94 

Deerfield,  N.  V. 

Johnston  Brook  near: 

description WS  97,  p  212 

discharge,  daily WS  97,  p  212 

discharge,  monthly WS  97,  p  212 

Reels  Creek  near: 

description WS  97,  p  209 

discharge,  daily WS  97,  p  210 

discharge,  monthly WS  97,  i>  21 1 

rainfall  data WS  97,  p  211 

Deerfield  Reservoir,  X.  V. 

rainfall  data WS  82,  pp  86-87;  97,  p  213 

Deeth,  Nev. 

Marys  River  near: 

description WS  85,  p  L06;  LOO,  p  L65 

discharge WS  *:>,  p  106;  100,  p  L65 

discharge,  monthly WS  loo,  p  L67 

gage  heights WS  85,  p  106;  100  p  166 

rating  table ws  LOO,  p  L66 

Defiance,  Ohio 

Auglaize  River  near: 

description WS  97,  p  425 

discharge WS  97.  p  125 

gage  heights WS  97,  p  426 

rainfall  data WS  75,  p  111 

Tiffin  River  mar: 

description ws  97,  p  123 

discharge WS  97,  p  423 

discharge,  monthly WS  97,  p  125 

gage  heights ws  97,  p  124 

ratingtable ws  97,  p  424 

Delaware  and  Hudson  Canal  near— 
Creeklocks,  N.  Y.: 

description WS  82,  p  113;  97,  p  152 

diversion  from  EtondoutCreek  to..  WS65, 
pp  68-69;  97,  p  153, 
Rosendale,  N.  Y.: 

discharge  daily WS  97,  p  L52 

diversions  to,  from  Rondout  Creek..  WS 
82,  p  114 
Delaware  River  near— 
Lambertville,  N.  J.: 

description Ann  20,  iv,  pp  M  -85; 

WS  15,  p  7;  27,  p9;  35,  pp62-63;  17,  p 

80;  65,  p  214;  82,  p  133;  97,  pp  249-250 

discharge...  WS  15,  p  7;  27,  p  23;  35,  p63; 

47,  p  80;  65,  p  214;  82,  p  134;  97,  p  250 

discharge,  monthly Ann  20,  iv,  p  85; 

21,  iv,  p  77;  22,  iv,  p  112; 
WS   75,   p   27;    82,   p  135 

discharge,  yearly Ann  20,  iv,  p  L8; 

gage  heights WS15,  p7;  27,  p  L6;  35, 

p63;  47,  p. SO:  65,  p  214; 
82,    p    134;     97,    p    251 

hydrographs Ann  20,  iv,  p  86;  21,  iv, 

p  77;  22,  iv,  p  113;  WS  75,  p  28 


Delaware  River  near— Continued. 
Lambertville,  N.  J.— Continued. 

rating  tables WS  27,  p  24;  39,  p  112; 

52,  p511;  65,  p  318;  82,  p  135 
Port  Jervis,  N.  Y.: 

description WS  82,  pp  130-131 

discharge WS  82,  p  131 

Delaware  River  and  tributaries  near- 
Philadelphia,  Pa.: 

description Ann  22,  iv,  p  112; 

WS  75,  p  27 
Delaware  River  basin: 

description Ann  21,  iv,  p  76; 

WS  97,  pp  245-246 

map Ann  21,  iv,  p  76 

Delaware  River,  East  Branch  of,  near — 
Hancock,  N.  Y.: 

description..  WS  82,  pp  129-130;  97,  p  264 

discharge WS  82,  p  129;  97,  ] .  265 

gage  heights WS  82,  p  130;  97,  p  265 

Delaware  River,  West  Branch  of,  near — 
Hancock,  N.  Y.: 

description WS  82,  p  128;  97,  p  262 

discharge WS82,pl28;  97,  p263 

gage  heights WS  82,  p  129:  97,  p  263 

Delaware  Water  Cap,  Pa.: 

discharge Ann  19,  iv,  p  122 

Point  Pleasant,  Pa.: 

discharge' Ann  19,  iv,  p  122 

Delaware  River,  Tex.,  near— 

Pecos  Valley  Railroad  crossing: 

discharge ws  28,  p  130 

Delaware  Water  Gap,  Pa. 
Delaware  River  near: 

discharge Ann  19,  iv,  p  122 

Dell  canal,  near- 
Bishop,  Cal.: 

description ws  100,  pp  217-218 

discharge WS  100,  p  218 

gage  heights ws  100,  p  218 

Dellinger,  S.  C. 

Broad  River  near: 

description WS  48,  p  1 15;  65,  p  249 

discharge ws  48,  pl45 

gage  heights WS  48,  p  146;  65,  p  249 

Del  Norte,  Colo. 
Rio  Grande  near: 

description Ann  14,  ii,  pp  110-111; 

18,  iv,  p  246;  Bull  131,  pp 
41-42;  140,  p  170;  WS  16,  p 
127;  28,  p  120;  37,  pp  277- 
278;  50,  p  347;  66,  p  65;  84, 
pp    194-195;    99,    pp  400-401 

discharge Ann  18,  iv, 

]»  216;  Bull  131,  p  91;  140,  p  170; 
WS  16,  p  127;  28,  p  129;  37,  p  278; 
50,  p  347;  66,  p  65;  84,  p  195;  99,  p  401 

discharge,  monthly Ann  11,  ii,  p  98; 

12,  ii,  pp  349,  360;  13,  hi,  p  94; 
14,  ii,  p  111;  18,  iv,  p  247-248; 
19,  iv,  p  383;  20,  iv,  pp  358,  360- 
364;  21,  iv,  p  256;  22,  iv,  p  347; 
WS  75,  p  153;  84,  p  196;  99,  p  402 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  57 
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Del  Norte,  Colo.— Continued. 
Rio  Grande  near— Continued. 

gage  heigh  ts . .  Bull  1 31 ,  pp  42-43 ;  140,  p  170; 
WS  11,  p  64:  16,  p  127;  28, 
p  126;  37,  p  278;  50,  p  347;  66, 
p  65;  84,  pp  195-196;  99,  p  401 

hydrographs Ann  12,  ii,  p  250;  18,  iv, 

p  249;    19,  iv,  p  384;   20,  iv, 

p  365;  21,  iv,  p  256;  22,  iv,  p  348 

rainfall  and  run-off  relation..  Ann  20,  iv, 

p  359 

rating  tables Ann  18,  iv,  p  247; 

19,  iv,  p  383;  WS  28,  p  130;  39,  p  450; 
52,  p  519;  66,  p  173:  84,  p  196;  99,  p  402 

Del  Norte  canal,  Colo.: 

engineering  features  . .  Ann  13,  iii,  pp  171-175 

Del  Rio,  Tex. 

Del  Rio  River  near: 

discharge Ann  18,  iv,  p  110; 

Bull  140,  p  85 
irrigation  systems  near: 

map Ann  20,  iv,  p  354 

Madre  ditch  near: 

discharge WS  28,  p  130 

San  Felipe  River  near: 

discharge WS  28,  p  130 

San  Felipe  Springs  near: 

discharge WS  37,  p  277;  66,  p  58 

Del  Rio  River  near- 
Del  Rio,  Tex. 

discharge Ann  18,  iv.  p  110; 

Bull  140,  p  85 
Delta,  Cal. 

rainfall  data WS  52,  pp  495, 496; 

66,  pp  168, 169;  75,   p  228 
Delta,  Colo. 

Gunnison  River  near: 

discharge WS  66,  p  98 

Mill  ditch  near: 

discharge WS  100,  p  92 

rainfall  data Ann  20,  iv,  pp  375, 

377,379,397,398,399 
Uncompahgre  River  near: 

description WS  100,  p  67 

discharge WS  66,  p  98;  100,  p  68 

discharge,  monthly WS  100,  p  69 

gage  heights WS  100,  p  68 

rating  tables WS  100,  p  69 

Delta,  S.  C. 

Tiger  River  near: 

discharge WS  98,  p  55 

Deming,  N.  Mex. 

rainfall  data Ann  20,  iv,  pp  356, 357, 359 

Demopolis,  Ala. 

Tombigbee  River  near: 

description WS  36,  p  157 

Demorest,  Ga. 

Glades  Creek  near: 

discharge WS  49,  p  208 

Hazel  Creek  netr: 

discharge WS  49,  p  208 

Denton  Valley  Creek,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  214 


Denver,  Colo. 

rainfall  data Ann  13,  iii,  p  77; 

20,  iv,  pp  257,  259,  265;   22,  iv, 
pp  34, 35;  WS  75,  pp  132, 133, 137 
rating  station  for  meters  at: 

description Bull  140,  p  331 

reservoir  for  supplying  water  to: 

engineering  features.  Ann  13,iii,pp  317-319 
South  Platte  River  near: 

description Ann  18,  iv,  pp  162-163; 

Bull  140,  pp  104-105;  WS  15,  p  88; 
27,  p  77;  37,  p  225;  49,  p  281;  66, 
p  30;  84,  pp  86-87;  99,  pp  199-200 

discharge Ann  13,  iii,  p  85;  18,  iv,pl63; 

Bull  140,  p  105;  WS  15,  p  88;  27,  p  86;  37, 
p  225;  49,  p  281;  66,  p  30;  84,  p87;  99,  p  201 

discharge,  monthly Ann  18,  iv,  p  165; 

19,  iv,p314;  20,  iv,  pp  263, 279;  21,  iv, 
p  202;  22,  iv,  p  319;  Bull  140,  p  106; 
WS  75,  pp  127, 136;  84,  p  88;  99,  p  203 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights Bull  140,  p  105; 

WS  11,  p  53;  15  p  88;  27,  p 
84;  37,  p  226;  49,  p  282;  66, 
p  30;  84,  p  88;  99,  pp  201-202 

hydrographs Ann  13,  iii,  p  85; 

18,  iv,  p  166;  19,  iv,  p  314;  20,  iv, 
p  280;  21,  iv,  p202;  22,  iv,  p  319 

rainfall  and  run-off  relation Ann  20, 

iv,  p  266;  WS  75,  p  137 

rating  tables Ann  18,  iv,  pp  164-165; 

19,  iv,  p  313;  Bull  140,  p  105; 
WS  27,  p  89;  39,  p  448;  52,  p  517; 
66,  p  171;  84,  p  88;  99,  p  202 
Descanso,  Cal. 

rainfall  data Ann  18,  iv,  p  418;  20,  iv,  pp 

560,561;  Bull  140,  pp  323- 
324;  WS  39,  pp  437, 438;  52, 
pp  495,  496;  66,  pp  168,  169 
Deschutes  River,  Oreg.: 

discharge Ann  19,  iv,  pp  495,  498 

near  Lava: 

discharge  Ann  19,  iv,  p  498 

near  Moro: 

description WS  16,  p  181;  28,  p  159; 

38,  pp  377-378;  51,  p  445 

discharge WS  16,  p  181; 

28,  p  169;  38,  p  378 

discharge,  monthly Ann  21,  iv,  p  433 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  16,  p  181; 

28,  p  167;  38,  p  378 

hydrograph Ann  21,  iv,  p  434 

rating  table WS  39,  p  455 

Deschutes  River  basin,  Oreg.: 
canals  proposed  from: 

description Ann  21,  iv,  pp  432-433 

map Ann  21,  iv,  p  431 

survey  of WS  38,  p  379 

description Ann  19,  iv,  pp  495-498; 

21,  iv,  pp  431-432 
Desert  Creek  in— 

Walker  River  basin: 

discharge WS  100,  p  231 

Desert  lands: 

description Ann  22,  iv,  pp  48-49 


70 


INDEX    TO    HYDROGRAPHIC    PROGRESS    REPORTS,        [no.  119. 


Des  Moines,  Iowa. 

Des  Moines  River  near.    See  Des  Moines 

River. 
Raccoon  River  near: 

description WS  99,  p  33 

discharge WS  99,  p  33 

gage  heights WS  99,  p  34 

Des  Moines  River  near— 
Des  Moines,  Iowa: 

description WS  99,  p  31 

discharge WS  99,  p  32 

gage  heights WS  99,  32-33 

Keosauqua,  Iowa: 

description WS  99,  p  29 

discharge WS  99,  p  29 

discharge,  monthly WS  99,  p  31 

gage  heights WS  99,  p  30 

rating  table WS  99,  p  30 

Otturnwa,  Iowa: 

discharge WS  99,  p  34 

Des  Moines  River  drainage  basin: 

description WS  99,  p  28 

Des  Plaines  River,  111.: 

description Ann  21,  iv,  p  172 

near  Channahon,  111.: 

description WS  83,  p*p  174,  17">: 

98,  pp  212,  213-214 

discharge WS  98,  pp  212,  '214 

gage  heights WS!»\  pp  213,  214-215 

near  Riverside,  111.: 

description Ann  20,  iv,  p  218 

discharge,  daily...  Ann  21,  iv.  pp  172-171 
discharge,  monthly.  Ann  20,  iv,  pp219-222 

discharge  yearly Ann  20,  iv,  p   52 

hydrograph Ann  20,  iv,  p  223 

Devils  Gate,  Cal. 
tunnels  near: 

discharge WS  51,  o  187 

Devils  Gate,  Utah 

Weber  River  near.     See  Uinta,  Utah. 
Devils  Gate,  Wyo. 

Sweetwater  River  near: 

description WS  84,  p  72;  99,  p  L72 

discharge WS84,  p72;  99,  pl72 

discharge  monthly ws  99,  p  17 1 

gage  heights WS  M.  p  72;  99,  p  17:; 

rating  table WS  99,  ] i  1 7:i 

Devils  Lake,  N.  Dak. 

Devils  Lake  at.    Se<  Devils  Lake. 
Devils  Lake  at— 

Devils  Lake,  N.  Dak.: 

description WS  66,  p  14;  85,  pp  238-239 

gage  heights WS  66,  p  14;  85,  p  239 

opening  and  closing  dates  . .  WS  85,  p  239 
Devilsriver,  Tex. 

Devils  River  at.     See  Devils  River. 
Rio  Grande  near: 

description WS  50,  pp  364-365; 

66,  p80;  84,  p  161 
discharge.  WS  50,  p  365;  (56,  p  80;  84,  p  162 

discharge,  monthly Ann  22,  iv,  p  357; 

WS7.\  p  161;  84,  p  163 

gage  heights WS  50,  p365;  66, 

p81;  84,  p  163 


Devils  River,  Tex. 
near  Devilsriver: 

description WS  50,  pp  363-364;  66, 

p79;  84,  p  164;  99,  p  348 

discharge WS  50,  p  364;  66,  p  79; 

84,  p  164;  99,  pp  349-350 

discharge,  monthly Ann  22,  iv,  p  35(5; 

WS75,p  161;  84, 
p  165;   99,   p  351 

gage  heights WS  50,  p  364;  66,  p  79; 

84,  p  165;  99,  pp  350-351 
near  Southern  Pacific  Railroad  bridge, 
Tex.: 

discharge WS  28,  p  130 

Rio  Grande  below  mouth  of: 

description WS  99,  p  345 

discharge WS  99,  pp  345-347 

discharge, monthly WS  99,  p  348 

gage  heights WS  99,  pp  347-S48 

Dewitt,  Nebr. 

Big  Blue  River  near: 

discharge WS  50,  p  310; 

Ann  20,  iv,  p  298 
Dial,  Ga. 

Toccoa  River,  near: 

discharge WS  49,  p  218 

Diamond,  Ga. 

rainfall  data Ann  20,  iv,  pp  177, 179, 181 

Diamond  Fork  of  Klickitat  River,  Wash. 

discharge Ann  22,  iv.  p  455:  WS51,  p443 

Dillon,  Mont. 

Beaverhead  River  near: 

discharge...  Ann  11,  ii,  p  107;  13,  iii,  p  51 
Dillsboro,  N.  C. 

Tuckaseegee  River  near: 

discharge Bull  140,  pp  81-88 

Dingle,  Idaho 

Hear  River  near: 

description ws  loo,  p  135 

discharge ws  100,  p  135 

discharge,  monthly WS  100,  p  137 

gage  heights ws  100,  p  L36 

rating  table WS  100,  p  136 

Dismal  River  near- 
Dunning,  Nebr.: 

discharge Ann  20,  iv,  p  299; 

Bull  131,  p  91;  WS  27,  p  88;  39,  p  439 
Diversion  dams: 

engineering  features..  Ann  13,  iii,  pp  234-238 
Division  Creek  near- 
Independence,  Cal.: 

discharge ws  100,  p  225 

Dixlield.  Me. 

Androscoggin  River  near: 

description WS  82,  p  41;  97,  p  64 

discharge "WS82,  p  41;  97,  p  64 

discharge,  monthly WS  97,  p  66 

gage  heights WS  82,  p  41 ;  97,  p  65 

rating  table WS  97,  p  65 

Dixon,  Wyo. 

Little  Snake  River  near: 

discharge WS  28,  p  143 

Dodge,  Kans. 

Arkansas  River  near: 

description WS  84,  p  123;  99,  p  268 

discharge WS  84,  p  123;  99,  p  268 
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Dodge,  Kans.— Continued. 

Arkansas  River  near— Continued. 

gage  heights WS  84,  p  123; 

99,  pp  268-269 
rainfall  data  . .  Ann  20,  iv,  pp  326, 328, 330 
Doe  Creek,  Tenn. 

in  Watauga  River  basin: 

discharge WS  49,  p  216 

near  Allen  town: 

discharge WS  49,  p  216 

near  Elizabethton: 

discharge WS  49,  p  216 

near  Roan  Mountain: 

discharge WS  49,  p  216 

Doe  River,  Laurel  Fork  of,  near— 
Allentown,  Tenn.: 

discharge WS  49,  p  216 

Dog  Creek,  Nev.— 

in  Truckee  Meadows: 

discharge WS  100,  p  231 

near  Verde: 

discharge Ann  11,  ii,  p  65; 

108;  WS  51,  p  405 
Dogtown  Creek  in— 
Walker  River  basin: 

discharge WS  85,  p  125;  100,  p  230 

Dogtown  Creek  ditches,  Cal. 

discharge WS  100,  p  238 

Dolgeville,  N.  Y. 

East  Canada  Creek  near: 

des«ription WS  35,  p  52;  47,  pp  55-57; 

65,  pp  158-159;  82,  p  89;  97,  p  195 

discharge WS  47,  pp  39,  56-57; 

65,  p  159;  82,  p  89 

discharge,  daily WS  35,  p  52; 

47,  pp  57-58;  65,  p  161;  82,  p  90 

discharge,  flood WS  65,  p  160 

discharge,  low  water WS  65,  p  161 

discharge,  monthly. .  Ann  21,  iv,  p  68;  22, 
iv,  p96;  WS35,  p24;  65. 
pl61;  82,  p91;  97,  p  196 

gage  heights WS  97,  p  195 

hydrographs..  Ann 21,  iv,  p 68;  22,  iv,  p97 

rainfall  data WS  97,  p  196 

water  powers WS  65,  p  160 

Dolores,  Colo. 

Dolores  River  near.    See  Dolores  River. 
Lost  Canyon  Creek  near: 

discharge WS  66,  p  98;  100,  p  93 

Dolores  River  near- 
Dolores,  Colo.: 

description Ann  18,  iv,  p  261; 

20,  iv,  pp  392-393;  Bull  140,  p  191; 
WS  16,  p  143;  28,  p  131;  38,  p  305; 
50,  p  380;  66,  p  95;  85,  p  41;  100,  p  61 

discharge Ann  18,  iv,  p  262; 

Bull  140,  p  192;  WS  16,  p  143; 

28,  p  142;  38,  p  305;  50,  p  380; 

66,  p  95;  85,  p   41;   100,  p  62 

discharge,  monthly Ann  18,  iv,  p  263; 

19,  iv,  p408;  20,  iv,  pp  379,  393-394; 

21.  iv,  p  282;  22,  iv,  p  391 ;  Bull  140,  p 
193;  WS  75,  p  175;  85,  p  42;  100,  p  63 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  110,  p  192;  WS  11, 

p  68;  16,  p  143;  28,  p  138;  38,  p  306; 

60,  p381;  66,  p  95;  85,  p  41;  100,  p  62 


Dolores  River  near— Continued. 
Dolores,  Colo.— Continued. 

hydrographs Ann  18,  iv,  p  264: 

19,  iv,  p409;  20,  iv,  p.  394; 
21,  iv,  p  283;  22,  iv,  p  391 

rainfall  and  run-oft*  relation Ann  20, 

iv,  p  379 

rating  tables Ann  18,  iv, 

p  262-263;  19,  iv,  p  408;  Bull  140, 
p  192;   WS  28,  p  144;   39,  p   451; 
p  520;  66,  p  174;  85,  p  42;  100,  p  63 
Rico,  Colo.: 

discharge WS  66,  p  98 

discharge  of,  compared  with  Morton  Lake 

storage  capacity Ann  20,  iv,  pp  428, 429 

Dolores  River  basin: 

description Ann  19,  iv,  pp  407-408; 

Dolores  River,  West  Fork  of: 

reservoir  sites  on Ann  20,  iv,  p  432 

20,  iv,  p  392;  21,  iv,  p  282 
Donner  Creek,  Nev. 

discharge Ann  11 ,  ii,  p  64 

near  Donner  Lake,  Cal.: 

discharge..  Ann  11,  ii,  pl08;  WS51,p405 
near  Truckee,  Cal.: 

description WS  85,  p  123;  100,  p  202 

discharge WS  51,  p  405; 

85,  p  123;  100,  p  202 

discharge,  monthly WS  100,  p  204 

gage  heights.  WS  85,  p  123;  100,  p  202-203 

rating  table WS  100,  p  203 

Donner  Lake,  Cal. 

Donner  Creek  near: 

discharge WS  51,  p  405 

Dooley  Spring,  near— 
Fairmount,  Ga.: 

discharge WS  36,  p  147 

Dorst  Creek,  Cal.,  in— 
Kaweah  River  basin: 

discharge WS  100,  p  308 

Dos  Cabezas,  Ariz. 

rainfall  data Ann  12,  ii,  p  307 

Doswell,  Va. 

rainfall  data WS  75,  pp  45,  47,  50 

Douglas,  Wyo. 

North  Platte  River  near: 

description Bull  131,  p  29 

discharge. . .  Ann  13,  iii,  p  82;  20,  iv,  p  301 

discharge,  daily Bull  131,  p  29 

gage  heights Bull  131,  p  29 

Dover  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  171 

Dover  Plains,  N.  Y. 
Tenmile  River  near: 

description WS  65,  pp  86-86; 

82,  p  120;  97,  p  103 

discharge WS  65,  p  86; 

82,  p  120;  97,  p  104 

discharge,  daily WS  97,  pp  110-112 

discharge,  monthly WS  97,  p  113 

gage  heights WS  65,  p  86; 

82,  pl21;  97,  pp  105-107 

ratingtable WS  97,  pp  108  L09 

Doves  Mill  Spring  near — 
Cash,  Ga.: 

discharge WS  36,  p  147 
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Downey,  Cal. 

Rio  Hondo  near: 

discharge WS  100.  p  350 

Downing  Creek  in— 

Coosawattee  River  basin: 

discharge WS  49,  p  209 

Downs,  Kans. 

rainfall  data Ann  20,  iv,  pp  306, 310, 313 

Dragoon,  Ariz. 

rainfall  data Ann  12,  ii,  p  307 

Drainage  areas: 

tablesof WS  11,  pp  95-100; 

52,  pp  524-548;  Bull  140,  pp  342-347 

New  York  streams WS  47,  pp  10-41 

Drainage  basins: 

arid  lands,  areas  of Ann  13,  iii,  33 

classification  of Ann  12,  ii,  pp  232-231 

Drainage  works  of  canals: 

engineering  features..  Ann  13,  iii,  pp  256-267 
Dressier  Creek  in— 
Carson  River  basin: 

discharge WS  85,  p  126 

Dry  Cedar  Creek  near— 
Ericson,  Nebr.: 

discharge WS  39,  p  439 

Dry  Creek,  Cal. 

at  base  of  foothills: 

discharge,  yearly Bull  140,  pp  311-312 

Dry  Creek,  Colo.,  near— 
Montrose: 

discharge WS  100,  p  92 

Dry  Creek,  Utah,  in- 
Interior  drainage  basin: 

discharge WS  100,  p  224 

Dry  Creek,  Wyo.,  near— 
Af  ton : 

discharge Bull  131 ,  p  91 

Dry  Fork  of  Ashley  <  !reek,  Utah 

description WS  75,  pp  171-172 

discharge WS  75,  p  171 

Dry  Gulch  Creek,  Utah: 

discharge WS  100,  p  127 

Dry  Pond,  Ga. 

Hurricane  Creek  near: 

discharge WS  49,  ]>  207 

North  Oconee  River  mar: 

discharge WS  19,  p  237 

Duarte  canal,  Cal.: 

discharge WS  28,  p  191 

Dublin,  Ga. 

Oconee  River  near: 

description WS  15,  p  42; 

27,   p  31;  36,   p   133;  48,  p  152;  65, 
p     259;     83,    p   96;     98,    pp    84-85 

discharge WS  15,  p  r_>; 

27,  p  44;  36,  p  133;  48,  p  152; 

»;•"),    p  259;   83,  p  97;  98,   p  85 

discharge,  monthly...  Ann  20, iv,  pp  161. 

170;  21,  iv,  p  136;  22,  iv,   ].   ltil; 

WS  75,  pp  68,  75;  83,  p  98;  98,  p  87 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  11,  pp  19-20; 

15,   p  42;   27,  p  43;   36,  p  134:    48, 
p  153;  65,  p260;  83,  p  97;  98,  pp  85-86 

hydrographs Ann  20,  iv,  p  170;  21,  iv, 

p  137;  22,  iv,  p  164;  WS  75,  p  68 


Dublin,  Ga.— Continued. 

Oconee  River  near— Continued. 

rainfall  and  run-off  relation Ann  20, 

iv,  p  161 
rating  tables . . .  WS  27,  p  46;  39,  p  444;  52, 
p  513;  65,  p  321;  83,  p  98;  98,  p  86 
Dubois,  Colo. 

Cebolla  River  near: 

discharge WS  100,  p  94 

Duchesne  River,  Utah: 

description Ann  21,  iv,  p  305 

discharge Ann  22,  iv,  p  384 

drainage  areas Ann  21,  iv,  p  310 

in  Uinta  Indian  reservation: 

discharge Ann  21,  iv,  pp  322, 323 

near  Price  Road  bridge,  Utah : 

description WS  37,  pp  291-292;  60,  p 

373;  66,  p  88;  85,  p  55;  100,  p  106 

discharge Ann  21,  iv,  pp  322,  323; 

WS37,  p292;  50,  p  374;  66, 
P  89;   85,  p  56;   100,  p  107 

discharge,  monthly Ann  22,  iv,  p  385; 

WS  75,  p  167;  85,  p  58;  100,  p  109 

hydrograph Ann  22,  iv,  p  385 

gage  heights WS  37,  p  292; 

50,  p  374;  66,  p  89;  85,  p  57;  100,  p  108 

rating  tables ws  52,  p  519; 

66,  1)174;  85,  p  57;  100,  p  108 
Duchesne  River  and  tributaries,  Utah: 

description Ann  22,  iv,  p  366 

Duchesne  River  basin,  Utah: 

arable  lands Ann  22,  iv,  p  386 

canal  lines Ann  22,  iv,  pp  381-384 

description Ann  22,  iv,  pp  380-381 

water  supply Ann  22,  iv,  p  384 

Dudleyville,  Ariz. 

San  Pedro  River  near: 

discharge,  monthly Ann  11,  ii,  p  99; 

12,  ii,  p305 

discharge,  yearly Ann  20,  iv,  p  59 

Dukes  Creek  in— 

Chattah -lice  River  basin,  Ga.: 

discharge WS  49,  p  208 

Dumont,  Colo. 

rainfall  data WS  75,  pp  132,  134,  137 

Duncan,  Ariz. 

Gila  River  near: 

diverted  water Ann  21,  iv,  p  336 

Duncan  reservoir  site,  Ariz.: 

storage  capacity Ann  21,  iv,  p  337 

Duncan  Valley,  Ariz.: 

description Ann  21,  iv,  pp  335-338 

ditches  above: 

discharge Ann  21,  iv,  p  335 

Dundy  County  Irrigation  ditch,  Nebr.: 

discharge Ann  18,  iv,  p  206 

Dungeness,  Wash. 

Dungeness  River  near.   See  Dungeness  River. 
Dungeness  River,  Wash.: 

description Ann  21,  iv,  p  438 

discharge Ann  19,  iv,  p  504 

near  Dungeness: 

description WS  38,  p  383; 

51,  p  446;  66,  p  138 

discharge WS  38,  p  383;  51,  p  446; 

66,  p  138 
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Dungeness  River,  Wash.— Continued, 
near  Dungeness— Continued. 

discharge  monthly Ann  21,  iv,  p  438; 

22,  iv,  p  458 

gage  heights WS  38,  p  384;  51,  p  447; 

66,  p  139 

hydrographs Ann  21,  iv,  p  439; 

22,  iv,  p  458 

rating  table WS  39,  p  455;  52,  p  522 

near  Seguin,  Wash.: 

description Ann  20,  iv,  p  518; 

WS16,  pl82:  28,  pl71; 

discharge WS  16,  p  182:  28,  p  176 

discharge,  monthly Ann  20,  iv,  p  518 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  16,  p  182;  28,  p  174 

hydrograph Ann  20,  iv,  p  519 

rating  table WS  28,  p  176 

Dungeness  River  basin,  Wash.: 

description Ann  19,  iv,  pp  504-505 

rainfall  data Ann  19,  iv,  pp  504-505 

Dunkley,  Colo. 

Fish  Creek  near: 

discharge WS  66,  p  98 

Dunlap,  Nebr. 

Niobrara  River  near: 

discharge Ann  20,  iv,  p  301 ; 

WS  50,  p  311 
Dunn,  Ga. 

Mill  Creek  near: 

discharge WS  49,  p  209 

Dunning,  Nebr. 

Dismal  River  near: 

discharge Ann  20,  iv,  p  299; 

Bull  131,  p  91;  WS  27,  p  88 
Middle  Loup  River  near: 

discharge Ann  18,  iv,  pp  181 , 

193;  20,  iv,  p  300;  Bull  140,  p 
117;  WS  27,  p  88;  39,  p  439 
Dunsbach  Ferry,  N.  Y. 
Mohawk  River  near: 

description WS  47,  pp  69-70; 

65,  pp  180-181;  82,  pp  96-97;  97,  p  190 

discharge,  daily WS  65,  pp  181-182; 

82,  p  97 

discharge,  flood WS  65,  p  181 

discharge,  monthly WS  65,  p  183; 

82,  p  98 

gage  heights WS  47,  pp  70-71 

Dunsmuir,  Cal. 

rainfall  data WS  52,  pp  495,  496; 

66,  pp  168,  169;  75,  p  228 
Durango,  Colo. 

Animas  River  near: 

description Ann  18,  iv,  pp  283-284; 

Bull  140,  pp  198-199;  WS  16,  p  146; 
28,  p  132;  38,  p  310;  50,  p  383;  66, 
p  97;    85,  pp  35-36;    100,  pp  51-52 

discharge Ann  IS,  iv,  p  284; 

Bull  140,  p  199;  WS  16,  p  146; 

28,  p  142;  38,  p  310;  50,  p  383; 

66,  p  97;  85,  p  36;  100,  p  52 

discharge,  monthly. .  Ann  18,  iv,  p 285;  19, 

iv,  p  414;  20,  iv,  p  403; 

21,  iv,  p  301;  22,  iv,  p 

394;  WS85,p37:100,  p  54 


Durango,  Colo.— Continued. 

Animas  River  near — Continued. 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights Bull  140,  p200;  WS  11,  p 

72;  16,  p  146;  28,  p  139; 
38,  p  311;  50  p  384;  66, 
p  97;   85,  p  36;   100,   p  53 

hydrographs Ann  18,  iv,  p285;  19,  iv, 

p415;   20,  iv,  p  403,  21, 
iv,  p  301;  22,  iv,  p  394 

rainfall  and  run-off  relation Ann  20, 

iv,  p  379 

rating  tables Ann  18,  iv,  p  284;  19,  iv, 

p  414;  Bull  140,  p  199;  WS 
28,  p  145;  39,  p  452;  52,  p  520; 
66,  p  174;  85,  p  37;  100,  p  53 
Florida  River  near: 

description WS  38,  p  311;  66,  p  96; 

85,  p  37;  100,  p  56 

discharge WS  38,  p  311;  66,  p  96; 

85,  p  38;  100,  p  57 

discharge,  monthly Ann  21,  iv,  p 

300;  WS  75,  p  176; 
85,  p  39;    100,   p  58 

gage  heights WS  38,  p  311;   66,  p 

97;  86,  p  38;  100,  p  57 

rating  tables WS  39,  p  452;    66,    p 

174;  85,  p  38;  100,  p  58 
Lightner  Creek  near: 

discharge WS  100,  p  64 

Dutch  Creek  near — 
ValleCruces,  N.  C: 

discharge WS  49,  p  215 

Dutton  Creek,  in— 

Laramie  River  basin: 

discharge Ann  13,  iii,  p  80 

Duty  of  water Ann  13,  iii,  pp  155-158 

in  arid  regions,  increase  of Ann  12,  ii,  pp 

223-224 

in  Gila  basin Ann  12,  ii,  pp  296-298 

in  San  Bernardino  Valley Ann  19,  iv,  pp 

543-548 
in  San  Luis  Valley Ann  12,  ii,  p  250 


E. 


Eagle  Pass,  Tex. 
Rio  Grande  near 
description . . 


WS  50,  pp  865-366;   66,  p 
81;   84,  p  158;    99,  p  341 

discharge WS  50,  p  366;    66,  pp 

81-82;  84,  pp  158- 
159;  99,  pp  341-344 

discharge,  monthly Ann  22,  iv,  p 

357;    WS  75,   p   162; 
84,  p  160;    99,   p  345 

gage  heights WS  50,  p  366:  66, 

p  82;    99,   p    344 

hydrograph WS  75,  p  163 

Earthen  dams: 

described  and  figured..  Ann  18,  iv,  pp 698-702 
East  Ash  Creek,  Nebr.: 

discharge WS  39,  p  439;  50,  p  310 

East  Canada  Creek  near— 
Dolgeville,  N.  Y.: 

description WS  35,  p  52;  47,  pp  55-57; 

65,  pp  168-159;  82,  p  89;  97,  p  195 
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East  Canada  Creek  near— Continued. 
Dolgeville,  N.  Y.— Continued. 

discharge WS  47,  pp  39,  56-57; 

65,  p  159;  82,  p  89 

discharge,  daily WS  35,  p  52; 

47,  pp  57-58;  65,  p  161;  82,  p  90 

discharge,  flood WS  65,  p  160 

discharge,  low-water WS  65,  p  161 

discharge,  monthly Ann  21,  iv,  p  68; 

22,  iv.  p  96;  WS  35,  p  24; 
65,  p  161;  82,  p  91;  97,  p  196 

gage  heights WS  97,  p  195 

hydrographs. .  Ann  21,  iv,  p  68;  22,  iv.  p  97 

rainfall  data WS  97.  p  196 

waterpowers "WS  65,  p  160 

Eastcreek,  N.  Y.: 

description WS  82,  pp  91-92 

discharge WS  82,  p  92 

East  Cahaba  River  near— 
Bridgeton,  Ala.: 

discharge WS98,  p  170 

Leeds,  Ala.: 

discharge WS  98,  p  170 

East  Chickamauga  Creek  near— 
Ringgold.  Ga.: 

discharge WS  36,  p  171 

East  Clallam,  Wash. 
Clallam  River  near: 

discharge ws  66,  p  142 

rainfall  data Ann  19,  h  .  p  508 

East  Creek  near— 
Almont,  Colo.: 

discharge ws  100,  p  94 

Eastcreek,  N.  Y. 

East  Canada  Creek  near: 

description ws  82,  pp  91-92 

discharge WS  82,  p  92 

East  Fork,  Tenn. 

East  Fork  of  Little  Pigeon  River  near: 

discharge ws  49,  p  217 

Easl  Fork,  Wyo.,  at— 
Gilligan's  ranch: 

discharge ws  100,  p  127 

East  Gallatin  River,  Mont.: 

-discharge Ann  18,  iv,  p  131 

seepage  measurements.  Ann  19,  iv,  pp271-275 
East  Gallatin  River  and  tributaries,  Mont.: 

discharge Ann  L8,  iv,  p  131 

East  Lake  reservoir  site,  in— 
King  River  basin,  Cal.: 

description Ann  22,  iv,  p  473 

East  Long  Swamp  Creek  near— 
Marine  Hill,  Ga.: 

discharge WS  27,  p  45 

East  Nassau,  N.  Y. 

Kinderhook  Creek  near: 

description WS  65,  p  53-54 

discharge,  daily Ws  65,  p  56 

discharge,  monthly WS  65,  p  55 

Fast  Kiver  near — 
Gothic,  Colo.: 

discharge WS  100,  p  94 

Fast  Rush,  N.  Y. 

Honeoye  Creek  near: 

description WS  97,  pp  403-404 


East  Side  Canal  near — 
Citrus,  Cal.: 

description WS  100,  p  220 

discharge WS  100,  p  221 

gage  heights WS  100,  p  221 

East  Tawas,  Mich. 

rainfall  data WS  83,  p  295 

Easton,  Pa. 

Lehigh  River  at: 

discharge ws  48,  p  114 

Eaton  Canyon  Creek,  Cal. 

discharge,  low  water WS  39,  p  432 

in  San  Gabriel  River  basin: 

discharge WS  100,  p  349 

Eatonton,  Ga. 

Glady  Creek  near: 

discharge WS  98,  p  104 

Indian  Creek  near: 

discharge WS  98,  pp  103-104 

Little  River  near: 

discharge WS  98,  p  103 

San  ford  Creek  near: 

discharge WS  98,  p  104 

Town  Creek  near: 

discharge WS  98,  p  104 

Eau  Claire,  Wis. 

Chippewa  River  near: 

description WS  83,  p  166;  98,  p  177 

discharge ws  83,  p  166;  98,  p  178 

discharge,  monthly WS  98,  p  L80 

gage  heights.  WS  83,  p  167;  98,  pp  178-179 

rating  table WS  98,  pp  179-180 

Eckles  ditch  in— 
Spearfish  Valley: 

discharge ws  99,  p  136 

Eddy,  N.Mex. 

Pecos  River  near: 

hydrograph WS  28,  p  130 

Eden,  Utah. 

I  >gden  River  near: 

description Ann  18,  iv,  p  321 

discharge Ann  18,  iv,  p  321 

discharge,  monthly Ann  18,  iv,  p  322 

discharge,  yearly Ann  20,  iv,  p  60 

gage  heights WS  11,  p  78 

rating  table Ann  18,  iv,  p  322 

Edgemont,  S.  Dak. 

Cheyenne  River  near: 

description ws  99,  pp  55-56 

discharge ws  49,  p272;  99,  p56 

gage  heights WS99,  p56 

Edison,  Nebr. 

Republican  River  near: 

discharge ws  50,  p  311 

Eel  River  near — 

Stingleys  station,  Cal.: 

discharge ws  100,  p  305 

Eel  River  in— 

Wabash  River  basin: 

description Ann  18,  iv,  pp  449-450 

elevations  along Ann  18,  iv,  p  450 

See  Lower  Eel  River;  Upper  Eel  River. 
Eighteenmile  Creek,  S.  C: 

discharge WS  98,  p  70 
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Elberton,  Ga. 

Beaverdam  Creek  near: 

discharge WS  83,  p  95 

rainfall  data  ..  Ann  20,  iv,  pp  158, 159, 161 
Elburz,  Nev. 

North  Fork  Humboldt  River  near: 

description WS  100,  p  163 

discharge WS  100,  p  164 

gage  heights WS  100,  p  164 

Eldorado  ditch  above— 
Riverton,  Cal.: 

discharge WS  66,  p  167 

Eleanor  Creek  near — 

Eleanor  trail  crossing,  Cal.: 

description WS  66,  p  147 

discharge WS  66,  p  147 

discharge,  monthly "WS  75,  p  213 

gage  heights WS  66,  p  148 

Eleanor  trail  crossing,  Cal. 
Cherry  Creek  at: 

description WS  66,  p  148 

discharge WS  66,  p  148;  100,  p  306 

discharge,  monthly WS  75,  p  213 

gage  heights WS  66,  p  148 

Eleanor  Creek  at: 

description WS  66,  p  147 

discharge WS  66,  p  147 

discharge,  monthly WS  75,  p  213 

gage  heights WS  66,  p  148 

Hull  Creek  at: 

discharge WS  100,  p  306 

Electra,  Cal. 

Mokelumne  River  at: 

description..  WS  66, p  145;  100, pp 280-281 

discharge WS  66,  p  145;  100,  p  281 

discharge,  monthly WS  75,  p  212; 

100,  p  282 

gage  heights WS  66,  p  146;  100,  p  281 

rating  table WS  66,  p  178;  100,  p  282 

Electric  power  transmission  at  Fresno,  Cal.: 

description Ann  19,  iv,  pp  576-578 

Elevations  of  river  gages  in  Mon- 
tana   Bull  131,  p  23 

Elgin,  Oreg. 

Grande  Ronde  River  near: 

description WS  100,  p  419 

discharge WS  100,  p  419 

gage  heights WS  100,  p  419 

Wallowa  River  near: 

description WS  100,  pp  416-417 

discharge WS  100,  p  417 

gage  heights WS  100,  p  418 

Elizabethton,  Tenn. 
Doe  River  above: 

discharge WS  49,  p  216 

Watauga  River  near: 

description WS  98,  pp  290-291 

discharge WS  49,  p  215:  98,  p  291 

discharge,  monthly WS  98,  p  292 

gage  heights WS  98,  pp  291-292 

rating  table WS  98,  p  292 

Elk  Creek,  Colo.,  near- 
Winston  : 

discharge WS  84,  p  94 

Elk  Creek,  Mont,,  in— 
Meagher  County: 

discharge Ann  13,  iii,  p  61 


Elk  Creek,  Nebr.,  near — 
Bassett: 

discharge WS  27,  p  88 

Elk  Creek.  N.  C. 

in  Yadkin  River  basin: 

discharge WS  49,  p  203 

near  Elk  Crossroads: 

discharge WS  49,  p  210 

Elk  Creek,  N.  C,  North  Fork  of,  near- 
Banners  Elk: 

discharge WS  49,  p  216 

Elk  Creek,  N.  C,  South  Fork  of,  near- 
Banners  Elk: 

discharge WS  49,  p  216 

Elk  Creek,  Okla.,  near— 
Hobart: 

discharge "WS  99,  p  320 

Elk  Creek,  S.  Dak.,  near- 
Piedmont: 

description WS  99,  pp  48-49 

discharge WS  99,  pp  49, 135 

gage  heights WS  99,  p  49 

Elk  Creek,  Tenn. 

in  Watauga  River  basin: 

discharge WS  49,  p  216 

near  Lineback: 

description WS  48,  p  184;  65.  p  299 

discharge "WS  48,  p  184;  65,  p  299 

gage  heights WS  48,  p  185;  65,  p  300 

Elk  Creek,  Va.,  in— 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  138 

New  River  basin: 

discharge WS  49,  p  211 

Elk  Fork  Creek,  N.  C,  in— 
Nolichucky  River  basin: 

discharge WS  49,  p  213 

Elkhart  River  near— 
Grapeland,  Tex.: 

discharge WS  84,  p  143 

Elkhart  River  in— 

Lake  Michigan  drainage  system: 

description Ann  is,  iv,  p  470 

Elk  Head  Creek  near— 
Craig,  Colo.: 

discharge WS  66,  p  98;  100,  p  103 

Elkhatchee  Creek,  Ala.,  near- 
Island  Home: 

discharge WS  49,  p  210 

Elkhorn  River,  Nebr. 

description Ann  19,  iv,  p  334 

near  Arlington: 

description WS  37,  pp  244-245; 

50,  p  309;  66,  p  40;  84,  p  51;  99,  p  140 

discharge Ann  20,  iv,  p  299; 

Bull  131,  p  91;  WS  27,  p  88;  37,  p  245; 
50,  p  309;  66,  p  41;  84,  p  51;  99,  p  141 

discharge,  monthly Ann  21,  iv,  p  218; 

22,  iv,  p  330;  WS  75,  p 
139;  84,  p  53;  99,  p  142 

gage  heights WS  37,  p  245; 

50,  p  310;  66,  p  41;  84,  p  52;  99,  p  141 

hydrographs Ann  21,  iv,  p  219; 

•2-2,  iv.  p  331;  WS  75,  p  140 

rating  tables WS  39,  p  149; 

84,  p52;  99,  p  142 
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Elkhorn  River,  Nebr.— Continued. 
near  Atkinson: 

discharge..  Ann  18,  iv,  p  193;  20,  iv,  p  299 
near  Ewing: 

discharge Ann  20,  iv,  p  299 

near  Norfolk: 

description WS  15,  p  99; 

27,  p  78;  37,  p  213:  .50,  p  308; 
GO,  p  40;   84,  p  f>3:   99,  p  143 

discharge WS  15,  p  '.'9:  27, 

p87;  37,  p  243-244;  50,  p  308; 
66,  p  40;  84,  p  51:   W,  p  143 

discharge,  monthly Ann  19,  iv,  p  335; 

20,  iv,  pp  264,  296;  21,  iv, 
p  217:  22,  iv,  p  329;  WS 
75,  p  L39;  84,p55;  99,pl45 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights WS  L5,  p  LOO; 

27,p85;  37.  p  244:  50,  p309; 
66,  p  in:  84,  p  54;  99,  p  144 

hydrographs Ann  20,  iv,  p  297; 

21,  iv,  p218;  22,  iv,  p830 
rainfall  and  run-off  relation —  Ann  20. 

i\,    p'200 

rating  tables...  Ann  19,  iv,  p  335;  WS  39. 
p449;  66,  pl71:  84,  p  55;  99.  p  114 
near  O'Neill: 

discharge Ami  19,  iv,  p  835; 

20,  iv,p299;  WS  27.  p  88;  39.  p  139 
near  Waterloo: 

discharge Ann  is.  iv,  p  193; 

20,  iv,  p  299:  Bull  181,  p  91 
Elkhorn  River  basin,  Nebr.; 

description Ann  21,  iv,  p217 

Elkhorn  River,  North  Fork,  near— 
Norfolk,  Nebr.: 

discharge Ann  18,  iv,  p  193;  19,  iv, 

p334;  20,  iv,  p299;WS39, 
p.  Hi'    66,   p   1.;    -1.  p  92 
Norfolk  Junction  bridge,  Nebr.: 

discharge ws  50,  p310 

Elkhorn  River,  South  Fork,  near— 
Ewing,  Nebr.: 

discharge Ann  20,  iv,  p  299 

Norfolk,  Nebr.: 

description Ann  18,  iv,  pp  190  191 

discharge Ann  i\  i\ ,  p  19] 

discharge,  daily Ann  Is,  iv,  p  192 

rating  table Ann  18,  iv.  p  191 

Elko,  Nev. 

Humboldl  Ri\  er  n<  ar: 

description Ann  is,  iv,  pp 299-300; 

Bull  140,  p  216:  ws  16,  p  L52; 
28,  pp  115  1  16;  38,  pp  326  327; 
51,  p  395;   6.,.  p  [04;   85,  p  in:; 

discharge Ann  18,  iv,  p  300; 

Bull  1  10,  11  216;  WS  16. 
P  152;  28,  1. 1.53:  38,  p  327, 
51,  p  395:  66, p  104;  85, p  104 

discharge,  monthly Ann  is,  iv,  p301; 

19,  iv,  }»  425:  20,  iv,  p  137;  21. 
iv,p390;  22,  iv,  p399;  Bull  140, 
p  217;  WS  75,  p  181;  85,  p  105 

gage  heights Bull  140,  p  217; 

WS   11,  p  7M:    16,  p   152:    28,   p  117; 
88,  p  327;  51,  p396;  66,  p  105;  85, p  L04 


Elko,  Nev.— Continued. 

Humboldt  River  near— Continued. 

hydrographs Ann  IS,  iv,  p  309; 

19,  iv,  p  126;  20,  iv.  p  188; 
21,  iv.  p390;  22,  iv,  p  399 

rating  tables Ann  18,  iv,  p  301; 

19,  iv,  p    124:   WS  28,   p  151;  39, 
p  152;  52.  p520;  M,  p  171:  s.",,  ,,  mi 
Elk  River,  Colo.,  near- 
Trull: 

discharge WS  28,  p  1  6'.:  85, 

p   77;   100,    p    103 
Elk  River.  Kans..  near- 
Independence: 

discharge Ann  19.  iv.  p  369,  372 

Elk  Shoal  Creek  in— 

Nolichucky  River  basin,  N.C.: 

discharge ws  49,  p214 

Elkton,  Va. 

South  Fork  Shenandoah  River  near: 

discharge Ann  19,  iv,  p  138 

Ellensburg,  Wash. 

rainfall  data Ann  20.  iv,  pp  197,  198,  500 

Ellijay.  6a. 

Cartecay  River  near: 

discharge ws  27,  p  46;  49,  p  209 

Cartecaj  River,  branch  of,  near: 

discharge ws  49,  p  209 

Clonegai  Creek  near: 

discharge ws  49,  p  209 

COX  I  Ireek  near: 

discharge WS  19.  p  209 

Ellijay  River  near: 

discharge ws  27,  p  15;  36.  p  1  15; 

i'.».  p209;  98,  p293 
Mill  ( 'reek  near: 

discharge WS49,  p  209 

< nvltown  creek  near: 

discharge WS49,  p209 

ScrongetO'VI  n  <  'reek  near: 

discharge ws  49,  p  209 

Ellijay  l : i \  er  near— 
Ellijay,  6a.: 

discharge ws  27,  p45;  36,  i>  145; 

19,  p209;  98,  p293 
Ellis  Creek,  Tenn.,  near— 
Reliance: 

discharge ws  49,  p  218 

Ellsworth,  Kan-. 

Smoky  Mill  River  near: 

description Ann  18,  iv,  pp  212-213, 

Bull  1  10.  p  1  12;  WS  16,  p  111; 
27,  p  90;  37,  p  251:  50,  p  316,; 
(\i\,    p    15;  84,  p   110;  99,    p  230 

discharge Ann  is,  iv,  p  213; 

Bull  110,  p  li::;  WS  16,  p  111; 
27,  p  95:  37,  p  251;  50,  p  316,; 
«',r,,   p   |.-,;  84,   p   110;  99.  p  231 

discharge,  monthly Ann  18,  iv,  p  214; 

19,  iv,  p347;  20,  iv,  p  315;  21,  iv, 
p  225;  22,  iv,  p  336:  Bull  140.  p.l  13; 
WS  75,  p  143;  84,  p  1 12:  99,  p  232 

discharge  yearly Ann  20,  iv,  p  56 

gage  heights..  Bull  110, p  143;  WSll,p5s: 
16,  p  114;  27,  p  93;  37,  p  252;  50, 
p 317;  66, p  45; 84, pill; 99,  p231 
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Ellsworth,  Kans.— Continued. 

Smoky  Hill  River  near— Continued. 

hydrographs Ann  18,  iv,  p  215;  19,  iv, 

p  347;  20,  iv,  p  315;  21, 
iv,  p  226;  22,  iv,  p  336 

rating  tables Ann  18,  iv,  p  214;  19,  iv, 

p  346;  WS  27.  p  96;  39,  p  449;  52, 
p  517;  66,  p  172;  84,  p  111;  99,  p  232 
El  Monte,  Cal. 

San  Gabriel  River  near: 

discharge WS  100,  p  349 

El  Paso,  Tex. 

Rio  Grande  near: 

cross  section Ann  18,  iv,  p  258 

description Ann  14,  iv,  p  114;  18,  iv, 

pp  257-259:  Bull  131,  p  46;  140, 
p  178;  WS  16,  p  132;  28,  p  120; 
37,  pp  283-284;  50,  p  352;  66, 
p  70;  84,  pl81;  99,  pp  378-379 

discharge Ann  18,  iv,  p259;  Bull  140, 

p  179;  WS  16,  pp  132-133;  28,  p 

120: 37,  p  284;  50,  p  353;  66,  p  70; 

84,    pp  181-182;  99,  pp  379-381 

discharge, monthly..  Annll,ii,p99;  12, ii, 

pp350,  360;13,iii,p94;  14, 

ii.pp  114-115;  19,  iv,  p  390; 

20,  iv,  pp  358,372;  21,  iv,  p 

262;  22,  iv,  p  353;  WS  75, 

P  155;  84,  p  183;  99,  p  382 

discharge,  yearly Ann  11,  ii,  p  54; 

13,  iii,  p  99;  20,  iv,  p  58 

gage  heights Bull  131,  p  47;  140, 

p  179;  WS  11,  p  67;  16,  p  133; 
28,  p  128;  37,  p  284;  50,  p  353; 
66,  p  70;  84,  p  182;  99,  pp  381-382 

hydrographs Ann  12,  ii,  p  280;  14,  ii, 

p  114;  19,  iv,  p  390;  21  iv,  p 
263;22,  iv,  p353;  WS75.  pl66 

rating  tables Ann  19,  iv,  p  389; 

Bull  131,  p  47 
sediment  observations  . . .  Ann  11,  ii,  p  57 

rainfall  data Ann  12,  ii,  p  244 

reservoir  project: 

engineering  features Ann  13,  iii, 

pp  410-422 
Elreno,  Okla. 

North  Fork  Canadian  River  near: 

description WS  84,  pp  114;  99,  p  244 

discharge WS  84,  p  114;  99  p  244 

gage  heights..  WS  84,  p  114;  99,  p  244-245 
Elsie,  N.  C. 

Three-mile  Creek  near: 

discharge WS  49,  p  212 

Elwha  River,  Wash. 

dam  site  on Ann  20,  iv,  pp  519-520 

description Ann  20,  iv,  pp  519-520 

discharge Ann  19,  iv,  p  504 

near  McDonald: 

description WS  16,  p  183; 

28,   p   171;   38,  pp    384- 
385;  51,  p  447,  66,  p  139 

discharge WS  16,  p  183; 

28,  p  176;  38,  p  385;  51,  p  447;  66,  p  139 

discharge,  monthly Ann  20,  iv,  p  521; 

21,  iv,  p  439;  22,  iv,  p  459;  WS  75,  p  207 
discharge,  yearly  Ann  20,  iv,  p  63 


Elwha  River,  Wash.— Continued, 
near  McDonald— Continued. 

gage  heights WS  16,  p  183; 

28,  p  174;  38,  p  385;  51,  p  448;  66,  p  140 

hydrographs Ann  20,  iv,  p  521; 

21,  iv, p  440;  22,  iv, p  459 

rating  tables WS  28,  p  176; 

39,  p  455;  52,  p  523;  66,  p  177 

water  powers Ann  19,  iv,  p  507 

Elwha  River  basin: 

description Ann  19,  iv,  pp  505-508; 

21,  iv,  pp  440-441 
Elyria,  Ohio. 

Black  River  near: 

description WS  97,  pp  420-421 

discharge WS  97,  p  421 

discharge,  monthly WS  97,  p  422 

gage  heights WS  97,  p  421 

rating  table WS  97,  p  422 

Embudo,  N.  Mex, 
Rio  Grande  near: 

description Ann  12,  ii,  pp  257-258; 

14,  ii,  p  112;  18,  iv,  p  248; 
Bull  131,  pp  43-44;  140,  p 
172;  WS  16,  p  128;  28,  p  120; 
37,  p  280;  50,  p  350;  66,  p 
66;  84,  pp  189-190;  99,  p  391 

discharge Ann  11,  ii,  p  107; 

18,  iv,  p  250;  Bull  131, 
pp  44,  91,  92;  140,  p  172; 
WS16,  pl28;  28,  p  129;  37, 
p  280;  50,  p  350;  66,  p  66;  84, 
pp  190-191;  99,  pp  392-393 

discharge,  monthly Ann  11,  ii,  p  99; 

12,  ii,  pp  350,  360;  13,  iii,  p  95;  14, 
iv,  pp  112-113;  18,  iv,  p  251;  19,  iv,  p 
385;  20,  iv,  pp  358,  364-368;  21,  iv,  p 
258;  22,  iv,  p  350;  Bull  140,  p  173; 
WS  75,  p  154;  84,  p  192;  99,  p  394 

discharge,  yearly Ann  11,  ii,  pp  53-54; 

13,  iii,  p  99;  20,  iv,  p  57 

gage  heights. . . .  Bull  131,  p  45;  140,  p  173: 

WS  11,  p  65;  16,  p  128;  28,  p 

127;  37,   p    281;    50,    p    350; 

66,p67;   84,  p  191;  99.  p  394 

hydrographs Ann  11,  ii,  p  54; 

12,  ii,  p  252;  14,  ii,  p  112;  18,  iv, 
p  251;  19,  iv,  p  385;  20,  iv,  p 
369;  21,  iv,  p  258;  22,  iv,  p  350 

rainfall  and  run-off  relation Ann  20, 

iv,  p  359 

rating  tables Ann  18,  iv,  p  250; 

19,  iv,  fp  384;  Bull  140,  p  172; 
WS28,  p  130;  39,  p451;  66,  p  173 

sediment  observations Ann  11,  ii,  pp 

55-57;  12,  ii,  pp  257,  258 
Embudo  Creek,  N.  Mex. 
at  mouth : 

discharge Ann  11,  ii,  p  107 

Einerald  Creek  near- 
Lake  Tahoe: 

discharge WS  100,  p  232 

Emerson,  Manitoba. 
Red  River  near: 

description WS  66,  p  13;  85,  p  234 
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Emerson,  Manitoba— Continued. 
Red  River  near— Continued. 

discharge WS  66,  p  14; 

85,  p234;  100,  p  504 
-aye  heights WS  85,  p  234 

Emma,  Ga. 

Carder  Creek  near: 

discharge WS  49.  p  208 

Emmittsburg,  Md. 

rainfall  data Ann  20,  iv,  pp  117.  119,  121 

Empire,  Nev. 

Carson  River  near: 
description 


Ann  12,  iv,  p  325; 

BuU140,p212;  WS  51,  p  101; 
66,  p  110;  85,  p  109;  100.  p  175 

discharge Bull  140,  p  213; 

WS66,  pill;  85,  pl09;  100.  p  L75 

discharge,  monthly WS  75,  p  189; 

85,  pill;  LOO,  p  177 

gage  heights Bull  140,  p  213;  WS  51, 

p  101:  66,  p  111:  85,  p  L10;  LOO,  i>17»; 

hydrographs Ann  12,  ii,  p324; 

WS  75,  p  L89 

rating  tables WS  66,  p  175;  85,  p  110: 

100.  p  L76 
Carson  River  and  flume  near: 

discharge,  monthly Ann  11,  ii.  p  L02 

Emporia,  Kans. 

rainfall  data Ann  L9,  iv,  p  366 

Enders,  Nebr. 

Frenchman  River  Dear: 

discharge ws  84,  p  L12 

Engineering  worfc   of   the    Irrigation  sur- 
vey    Ann  11,  ii,  lip  111-200 

Engineering  results  of  irrigation  survey,  by 

II.  M.  Wilson..  Ann  13.  iii.  pp  351    127 
Englewood,  Kans. 

Cimarron  River  near: 

discharge Bull  140,  pp  164  L65 

Enoree  River  near— 
Whitmire,  s.  C: 

discharge ws  98,  pp 

Epes,  Ala. 

Tombigbee  River  near: 

description...  ws  i\  ppl75  L76;  65, p286 

discharge WS  65,  p  286 

discharge,  monthly ws  7...  p  98 

gage  heights ws  is.  p  176:  65,  p286 

hydrograph ws  75.  p  98 

rating  table WS  65,  p323 

Ericson,  Nebr. 

Cedar  River  Dear: 

discharge  ....   Ann  20,  iv.  p  298;  39,  p  139 
Dry  Cedar  Creek  near: 

discharge WS  39,  p  139 

rainfall  data Ann  20,  iv.  pp  257,  261,  265 

Erie  canal: 

opening  and  closing  dates ws  65,  p  L80 

Erie  Canal  aqueduct,  X.  Y. 
Schoharie  Creek  near: 

description ws  47,  i.e.:; 

gage  beights ws  47,  p64 

Erie  Lake  tributaries: 

description Ann  Is.  iv.  pp  161-409 


Krieville  reservoir: 

storage  capacity WS  05,  p  1 15 

Errol  Dam,  N.  H. 

Androscoggin  River  near: 

description WS  82,  pp  41-42;  07,  p  00 

Erwin,  Tenn. 

Indian  Creek,  North,  near: 

discharge ws  49,  p  213 

Indian  Creek,  South,  near: 

discharge ws  49,  p  •213 

Martin  Creek  near: 

discharge WS  49,  p  213 

Nolichucky  River  near: 

discharge WS  49,  p  212 

Escanaba  River  near— 
Escanaba,  Mich.: 

description WS  07.  p  L84 

discharge ws  97.  p  m 

gage  heights ws  07,  p484 

Escapes,  enginering  features  of Ann  13. 

iii.  pp  241-219 
Escondido  Creek,  Cal. 
reservoir  site  on: 

description  and  map Ann  22,  iv,  p  500 

Escondido  districl  dam,  Cal.: 

description Ann  is.  iv.  pp 627-637 

Escondido  flume,  Cal. 
San  Luis  Key  Riverat: 

discharge,  yearly Ann  20,  iv.  p64 

Esopus  ( 'reck,  \.  v.,  near— 
Broadheads  Bridge: 

discharge ws  i7.  p36 

K  ingston,  X.  Y.: 

description WS05,  j . i » ♦ . :  >  64; 

82,  |>  1U7;  97,  pp  105   L66 

discharge WS65,  p64;  82,  p  L08; 

97.  pp  160-108 

discharge,  daily ws  97,  pp  174-175 

discharge,  monthly ws  65,  p.  65; 

97.  pp  175  L76 

gage  heights ws  05.  p  64; 

82,  1 '|'  107,  lO'.i;  97.  pp  L68  17u 

rating  table WS  97,  pp  171-173 

water  powers WS  05.  |,  66 

olive  Bridge: 

description ws  97.  pp  170-177 

discharge WS  97,  p  177 

heights ws  97,  p  L78 

Espanola,  N.  Mex. 

Kin  ( Irande  near: 

description Bull  131,  pp  15  16 

Santa  « !lara  River  near: 

discharge Ann  11,  ii,  p  107 

-;mt;i    <  'ill/   Ki\  e|-  Ileal': 

disc  barge Ann  11.  ii.  p  107 

Espanola  Valley,  N.  Mex.: 

description Ann  12,  ii,  pp  258-261 

Espanola  Valley  reservoir,  N.Mex.: 

area  and  capacity Ann  21.  iv, 

pp  208,  269 

dam  site  of  (map) Ann  21 .  iv,  p  207 

description Ann  21.  iv,  pp265  269 

map Ann  21 ,  iv,  p  200 

Essex,  New 

Truckee  River  near: 

discharge Ann  11,  ii,  pp  65-108 

discharge  monthly Ann  11,  ii,  p  101 
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Etowah  River  near— 
Auraria,  <Ja.: 

discharge WS  49,  p  208 

Canton,  Ga. : 

description. .  Ann  18,  iv,  pp  94-95;  WS  15, 
p48;  27,  pp  47-48;  36,  pp  143-144;  48,  p 
160;  65,  p  275;  83,  p  148;  98,  pp  153-154 

discharge Ann  18,  iv,  p  95; 

WS  15,  p  48;  27,  p  57;  36,  p  144;  48, 
p  160;  65,  p  275;  83,  p  149;  98,  p  154 

discharge,  monthly Ann  18,  iv,  p  96; 

19,  iv,  p  242;  20,  iv,  pp  181, 
189:  21,  iv,  p  145;  22,  iv,  p  193; 
WS  75,  p  89;  83,  p  151;  98,  p  156 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  11,  pp  25-27; 

15,  p  48;  27,  p  51;  36,  p  144;  48,  p 
'  161;  65,  p  276;  83,  p  149;  98,  p  155 

hydrographs Ann  18,  iv,  p  96; 

19,  iv,  p  243;  20,  iv,  p  190; 

21,  iv,  p  145;  22,  iv,  p  193 

rainfall  and  run-off  relation  .  Ann  20,  iv, 

pl81 

rating  tables Ann  18,  iv,  p  95; 

19,  iv,  p  242;  WS  27,  p  58;  39,  p  445;  52,  p 
511;  65,  p  322;  83,  p  150;  98,  pp  155-156 
Cartersville,  Ga.: 

description Ann  is,  iv,  p  109 

discharge Ann  18,  iv,  p  109; 

WS  49,  p  208 
Dawson,  Ga.: 

discharge WS  83,  p  164 

Euharlee,  Ga.: 

discharge WS  83,  p  164 

Hightower,  Ga,: 

discharge WS  49,  p  208 

Kingston,  Ga.: 

discharge WS  83,  p  164 

Rome,  Ga,: 

description "WS  98,  pp  151-152 

discharge Ann  18,  iv,  p  109; 

19,  iv,  p  252;  WS  98,  p  152 

discharge,  monthly WS  98,  p  153 

gage  heights WS  98,  p  152 

rating  table WS  98,  p  153 

EtowTah  River  basin: 

description Ann  20,  iv,  pp  188-189; 

21  iv,  p  144 

discharge,  miscellaneous WS  49,  p  208 

Euclid,  N.  Y. 

Oneida  River  near: 

description WS  97,  pp  381-382 

discharge WS  97,  p  382 

discharge,  daily WS  97,  pp  384-385 

discharge,  monthly WS  97,  p  386 

rating  table WS  97,  p  383 

Eufaula,  Ind.  T. 

North  Fork  of  Canadian  River  near: 

description WS  37,  p  269 

discharge WS  37,  p  269 

gage  heights WS  37,  |>  270 

Euharlee,  Ga, 

Etowah  River  near: 

discharge WS  83,  p  164 

Euharlee  Creek  near— 
Rockmart,  Ga.: 

discharge "WS  83,  p  164 


Eureka,  Ala. 

Choccolocco  Creek  near: 

discharge WS  27,  p  45 

Eureka,  Mo. 

Meramec  River  near: 

description WS  99,  p  240 

discharge WS  99,  p  240 

discharge,  monthly WS  99,  p  242 

gage  heights WS  99,  p  241 

rating  table "WS  99,  p  241 

Eureka  ranch,  Kans. 

rainfall  data Ann  20,  iv,  pp  306,  310,  313 

Eureka  Valley,  Cal. 

Stanislaus  River  near: 

discharge Ann  18,  iv,  pp  375,  417 

Evans  Creek  in— 

Truekee  Meadows,  Nev.: 

discharge WS  100,  p  231 

Evans  ditch  in— 
Spearfish  Valley: 

discharge WS  99,  p  136 

Evaporation  data Ann  14,  ii,  pp  1 5 1-155 

Cuyamaca  reservoir,  Cal Ann  18,  iv,  p  674 

Gila  River  basin Ann  12,  ii,  p  308 

Gate  House,  Little  Bear  Valley,  Cal..  Ann  19, 
iv,  pp  21-624 

methods  of  collecting Ann  11,  ii,  pp  30-34 

Nicaragua Ann  20,  iv,  p  582 

Sweetwater  reservoir,  Cal Ann  18,  iv, 

pp  680-681 

table Ann  12,  ii,  pp  234-235 

Utah  Lake  basin Ann  12,  ii,  pp  337-338 

Evaporation  and  seepage— 

measurements Ann  13,  iii,  pp  152-161; 

Bull  140,  pp  347-350 
in  Jefferson  River  basin. .  Ann  13,  iii,  pp  51-52 
in  Salt  Springs  Valley  reservoir,  Cal. .  Ann  18, 

iv,  p  377 

near  Kearney,  Nebr Ann  19,  iv.  pp336-337 

Evaporation,  temperature,  and  rainfall  at  Sweet- 
water reservoir,  Cal Bull  140, 

pp  325-327 
Evitt  Run  in— 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  137 

Evitts  Creek  in— 

Potomac  River  basin: 

discharge Ann  19,  iv,  p  146 

Ewing,  Nebr. 

Elkhorn  River  near: 

discharge Ann  20,  i v,  p  299 

South  Fork  Elkhorn  River  near: 

discharge Ann  20,  iv,  p  299 

Exeter  River,  N.  H.: 

description Ann  22,  iv,  pp  79-80 

drainage  areas -. Ann  22,  iv,  ) <  80 

water  powers Ann  22,  iv,  pp  80-81 

Exeter  River  basin,  N.  H.: 

map Ann  22,  iv,  p  77 

F. 

Fairbanks,  Wyo. 

North  Platte  River  near: 

discharge. . .  Ann  13,  iii,  p  82;  20,  iv,  p  301 
Fairburn,  S.  Dak. 

French  Creek  at  and  near: 

discharge WS  49,  p  272 
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Fairbury,  Nebr. 

rainfall  data Ann  20,  iv,  pp  306,  309,  313 

Fairrnounl,  Ga. 

Bakers  Mill  Spring  near: 

discharge WS  36,  p  147 

Byrd's   (J.  R.)  Spring  near: 

discharge WS  36,  i»  117 

Dooley  Spring  near: 

discharge WS  36,  p  147 

Fairmount,  Pa. 

Schuylkill  River  near: 

discharge,  yearly Ann  20,  iv,  p  48 

Fairplay,  Colo. 

Fourmile  Creek  near: 

discharge WS  84,  p  94 

Middle  Fork  South  Platte  River  near: 

discharge...  Ann  13,  iii.  p84;  WS84,p94 
Fair  view  Creek  in— 
Carson  River  basin: 

discharge WS  85,  p  126;  100,  p  226 

Fallcreek,  Colo. 

San  Miguel  River  near: 

description..  Annl8,iv,p264;  20, iv,  p395; 
WS  if,,  p  !  12;  28,  p  131;  38,  p306 

discharge Ann  18,  iv.  p  264; 

WS  16.  p  142;  28,  p  L42;  38,  p  306 

discharge,  monthly —  Ann  18,  iv.  p265; 

L9,  iv,  p  107;  20,  iv. 

p  395;  21,  iv,  i>  283 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights WS  16,  p  1  12; 

28,  i>  137:  38,  p  307 

hydrographs Ann  18,  iv.  p266; 

19,  iv,  j.  107:  20.  iv, 
I-  396;  21.  iv.  p  284 

rating  tables Ann  18,  iv,  p  265; 

19,  iv,  p406;  WS28,  p  111;  39,  p  I'd 
Fall  Creek,  Colo.,  near— 
Seymour: 

gage  heights WS  11, p  68 

Fall  Creek,  N.  ('.,  near— 
Lima: 

discharge ws  49,  p206 

Fall  Creek,  S.  I>ak..  near- 
Hot  Springs: 

discharge WS  49,  p  272;  99,  p  L35 

mouth: 

discharge WS  49,  p  272 

Fall  Creek,  Wyo.,  near- 
Fisher's  ranch: 

discharge WS  100,  p  172 

Fall  River,  Cal.,  near- 
mouth: 

discharge WS  66,  j i  L67 

Fall  River,  Idaho: 
above  canals: 

hydrograph Ann  12,  ii,  p  344 

in  canyon: 

discharge,  monthly Ann  11,  ii,  p  L05; 

12,  ii,  pp356,36] 
near  mouth: 

discharge,  monthly Ann  13,  iii,  p  07 

discharge,  yearly Ann  13,  iii,  p  99 

Marysville: 

description WS  85,  pp  215-216; 

100  pp  457-158 

discharge WS  85,  p  216;  100,  p  458 

gage  heights WS  85,  p  216;  100,  p  458 


Fall  River,  Idaho— Continued, 
near  Teton: 

discharge Ann  11,  ii,  pllO 

Fall  River,  Kans.,  near- 
Fall  River: 

discharge Ann  19,  iv,  p  369,  372 

Neodesha: 

discharge Ann  19,  iv,  p  369,  372 

Fall  River,  S.  Dak.: 

discharge WS  49,  p  272 

Fall  River  Mills,  Cal. 
Fall  River  near: 

discharge WS  100,  p  305 

Falls  and  rapids  in  canals 

engineering  features..  Ann  13,  iii,  pp  249-256 
Falls  Creek,  Idaho,  near- 
mouth: 

discharge,  yearly Ann  20,  iv,  p  61 

Fall  River  Mills: 

discharge ws  100,  p  305 

Falls  River,  Idaho.     Sec  Fall  River. 
False  Bottom  Creek  in— 
lied  Water  Valley: 

discharge ws  99,  p  136 

Fanning  Bridge,  N.  C. 

French  Broad  River  near: 

discharge ws  49,  p2H 

Fargo,  X.  Dak. 

Red  River  near: 

description WS  85,  p  237;  100,  p501 

discharge Bull  131,  p  92; 

WS85,  p238;  100,  p  501 

discharge,  monthly ws  LOO,  p  503 

gage  heights.  wss:»,  p238;  100,  pp  501-502 

rating  table WS  100,  p  502 

Far  Hills,  N.  .1. 

North  Branch  of  Karitan  River  near: 

description WS  07,  pp  243-244 

discharge WS  88,  p  127;  97,  p  244 

gage  heights ws  97,  p  244 

Farm  Creek,  Utah,  at— 
month: 

discharge ws  loo,  p  127 

Farmers'  canal,  Ariz.,  in— 
Colorado  River  basin: 

discharge ws  loo,  p  126 

Farmers'  canal,  Cal.,  near- 
Bishop: 

description WS  100,  pp  211-212 

discharge WS  100,  p  212 

gage  heights ws  100,  p  212 

Farmville,  Va. 

rainfall  data WS  75,  pp  45,  47,  50 

Fawn  River: 

in  Lake  Michigan  drainage  system: 

description Ann  18,  iv,  p  471 

near  White  Pigeon: 

description WS  97,  p  461 

discharge WS  97,  p  461 

gage  heights WS  97,  p  462 

Fayette,  W.  Va. 

New  River  near: 

description Ann  18,  iv,  p  113; 

Bull  140,  pp  78-79;  WS  15,  p 
59;  27,  p  59;  36,  pp  164-165;  48,  p 
181;  65,  p  294;  83,  p  186;  98,  p  247 
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Fayette,  W.  Va.— Continued. 
New  River  near— Continued. 

discharge Ann  18,  iv,  p  114; 

Bull  140,  p  79;  WS  36,  p  165; 
48,  p  181;  65,  p  294;  83,  p  186; 
98,  p  247,    15,  p  69;   27,  p   65 

discharge,  monthly Ann  18,  iv,  p  115; 

19,  iv,  p  256;  20,  iv,  p  202,  203;  21,  iv,p 
157;  22,  iv,  p  222;  WS  75,  p  102;  83,  p  187 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights Bull  140,  p  79; 

WS  11,  p  41;  15,  p  59;  27,  p  62;  36,  p  165; 
48,  p  182;  65,  p  294;  83,  p  186;  98,  p  248 

hydrographs Ann  18,  iv,  p  115; 

19,  iv,  p  256;  20,  iv,  p  203; 
21,  iv,  p  158;  22,  iv,  p  222 

rainfall  and  run-oft*  relation Ann  20, 

iv,  p  202 

rating  tables Ann  18,  iv,  p.  114; 

19,  iv,  p  255;  WS  39,  p 
445;  52,  p  515;  83,  p  187 
Fayetteville,  N.  C. 

Cape  Fear  River  near: 

description Ann  18,  iv,  p  54; 

Bull  140,  p  69;  WS  15,  p  31;  27, 
p  26;  36,  p  115;  48,  p  137;  65, 
p  244;   83,  pp  31-32;    98,  p  27 

discharge Ann  18,  iv,  p  54; 

Bull  140,  p69;  WS  15,  p  31; 
27,  p  44;  36,  p  115;  48,  p 
137;  65,  p  244;  83,  pp  32-33 

discharge,  monthly Ann  18,  iv,  p  56; 

19,  iv,  p  193;  20,  iv,  p  145;  21, 
iv,pll9;  22,iv,pl55;  WS75, 
p  56;   83,  pp  42-48;  98,  p  29 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights Bull  140,  p  69; 

WS11,  p  16;  15,  p31;  27,  p 
36;  36,  p  116;  48,  p  138;  65, 
p  245;  83,  pp  33-41;  98,  p  28 

hydrographs Ann  18,  iv,  p  57; 

19,  iv,  p  193,  20,  iv,  p  145;  21,  iv, 
p  119,  22,  iv,  p  155;  WS  75,  p  56 

rainfall  data WS  83,  pp  42-48, 54 

rating  tables Ann  18,  iv,  pp  55-56; 

19,  iv,  p  192;  WS  27,  p  45;  39,  p  443; 
52,  p  512,  65,  p  320;  83,  p  42,  98,  p  28 

rainfall  data WS  83,  p  54 

Feather  River  near— 
Oroville,  Cal.: 

description WS  85,  p  133;  100,  p  272 

discharge WS  66,  p  167; 

85,  p  133;  100,  p  273 

discharge,  low-water  . .  Ann  22,  iv,  p  495; 

WS  51,  p  480 

discharge  monthly WS  85,  p  135; 

100,  p  274 

gage  heights WS  85,  p  134;  100,  p  273 

rating  tables WS  85,  p  134;  100,  p  274 

Feather  River,  Middle  Fork  of,  Cal.: 

discharge WS  85,  p  157 

Feather  River,  North  Fork  of,  Cal.: 

discharge WS  66,  p  167;  85,  p  157 

Feather  River,  South  Fork  of,  Cal.: 

discharge WS  85,  p  157 
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Feather  River,  west  branch  of  North  Fork, 
Cal.: 

discharge WS  66,  p  167 

Felts  Mills,  N.  Y. 

Black  River  near: 

description WS  82,  pp  62-63; 

97,  pp  363-364 

discharge,  daily WS  82,  p  63 

discharge,  monthly WS  82,  p  64 

Fenton,  Mo. 

Meramec  River  near: 

description "WS  99,  pp  238, 239 

discharge WS  99,  pp  238,  239 

gage  heights WS  99,  pp  238,  239 

Fernan  Lake,  Idaho: 

elevation  of  water  surface  of WS  38,  p  370 

Fifteenmile  Creek  in— 
Potomac  River  basin: 

discharge Ann  19,  iv,  p  148 

Fifteenmile  Creek,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  214 

Fightingtown  Creek  near — 
Blueridge,  Ga.; 

discharge WS  98,  p  293 

Finderne,  N.  J. 

Raritan  River  near: 

description WS  97,  p  242 

discharge WS  97,  p.  242 

gage  heights WS  97,  p  243 

Findlay,  Ohio. 

rainfall  data WS  75,  p  111 

Fine  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  171 

First  Broad  River,  N.  C. 

discharge WS  49,  p  206 

First  Point  of  Measurement.    See  Bakers- 
field,  Cal. 
Fish  Creek,  Colo.,  near — 
Dunkley: 

discharge WS  66,  p  98 

Steamboat  Springs: 

discharge WS  100,  p  103 

Fish  Creek,  N.  Y.: 

description Ann  21 ,  iv,  p  181 

near  Camden: 

discharge,  flood WS  65,  p  108 

near  McConnellsville: 

discharge,  flood WS  65,  p  108 

discharge,  monthly WS  35,  p  24 

near  Taberg  station: 

discharge,  flood WS  65,  p  108 

near  West  Camden: 

discharge,  flood WS  65,  p  108 

near  Williamstown: 

discharge,  flood WS  65,  p  108 

Fish  Creek,  East  Branch  of,  near- 
Point  Rock,  N.  Y.: 

description "WS  36,  pp  187-188 

discharge WS  47,  p  39 

discharge,  daily WS  36,  p  188 

discharge,  flood WS  65,  p  108 

discharge,  monthly WS  35,  p  24 
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Fish  Creek,  West  Branch  of,  near— 
McConnellsville,  N.  V.: 

description WS  36,  pp  186-187; 

49,  p  227;  65,  p  108 

discharge WS  49,  p  227 

discharge,  daily WS  36,  p  187; 

49,  pp  228-229;  65,  p  109 

discharge,  flood WS  65,  p  108 

discharge,  monthly Ann  22,  iv,  p  248; 

WS  65,  pp  109-110 

hydrograph Ann  22.  iv.  p  249 

water  powers WS  65,  p  109 

Fishdam  Creek, Tenn.,  in— 

South  Fork  Holston  River  basin: 

discharge WS  49,  p  215 

Fisher  River  in— 

Yadkin  River  basin,  N.C.: 

discharge ws  19.  p  2111 

Fish  Fork  of  San  Gabriel  River,  Cal.; 

discharge,  daily "WS  51,  p  474 

Fishing  Creek  in— 
James  River  basin: 

discharge Ann  19,  iv.  p  170 

Fishkill.X.  V. 

Chive  Creek  near: 

discharge ws  82,  p  119 

Fishkill  Creek  near— 
Glenham,  X.  V.: 

description WS  65,  pp  74  75; 

82,  pllT:  97,ppl26  127 

discharge ws  65,  p  75  7i;: 

82,  p  117:  97.  pp  127-128 

discharge, daily WS97,ppl33  135 

discharge,  monthly ws  97.  p  136 

gage  heights  — WS  65,  p  76; 

82,  p  118;  97,  pp  129  131 

rainfall  data WS  97.  p  136 

rating  table ws  97.  p  132 

water  powers WS  65,  p  76 

Groville  dam,  N.Y.: 

description WS82,p  119 

discharge,  Hood ws  82.  p  119 

Fish  bake.  Idaho: 

elevation  of  water  surface  of  ...   WS  lis,  p  370 
Fish  River  near 
Wallagrass,  Me.: 

description WS  97,  pp  16  17 

discharge WS97,  p  17 

gage  heights ws  97,  p  17 

Fish  Springs,  Cal. 
Birch  Creek  near: 

discharge ws  ion,  p225 

Tinemaha  Creek  near: 

discharge ws  Km,  p  225 

Flambeau  River  near— 
Ladysmith,  ^'is.: 

description WS98,ppl80  L81 

discharge ws  98,  p  181 

discharge,  monthly WS  98,  p  183 

gage  heights WS98,ppl8]   182 

rating  table WS  98,  p  182 

Flannery  Fork  in- 
New  River  basin,  N.C.: 

discharge WS  49,  p  210 

Flat  Creek,  X.  C. 

in  Coosawattee  River  basin: 

discharge WS  49,  p  209 


Flat  Creek,  N.  C\— Continued, 
in  French  Broad  River  basin: 

discharge WS  49,  p  212 

near  Black  Mountain  station: 

discharge WS  19,  p  212 

Flathead  Lake,  Mont. 

description WS  51,  pp  434-436 

near  Holt,  Mont.: 

description WS  51,  p  137 

gage  heights WS  51,  p  437 

near  Poison,  Mont.: 

description WS  51 ,  p  438;  66,  p  132 

gage  heights WS  51 ,  p  438;  66,  p  132 

Flathead  Lake  drainage  basin,  Mont.: 

description Ann  21,  iv,  pp  421-424 

map Ann  21,  iv,  p  122 

Flathead  River.  Mont.: 

description Ann  21,  iv,  p  421 

Flat  River,  Mich.: 

description WS  49,  p  246 

discharge WS  49,  p  246 

Flat  Rock,  Idaho. 

Buffalo  Creek  near: 

discharge ws  100,  p  461 

Flatrock,  X.  C. 

Bear  Creek  near: 

discharge ws  49,  p  213 

Flat  Shoals  Creek,  Ca.: 

discharge WS  19,  p  208 

Flint  River,  Ga.: 

elevations  and  bench  marks.  Ann  22,  iv,  pl89 
mar  Albany: 

description ws  27,  p  47; 

36,  i»  138;  48,  pp  156-157;  65,  p  266; 
83,    pp   114-115;    98,   pp   10.5-107 

discharge ws  05,  p  266; 

83,  p  115:  98,  p  Ki7 
discharge,  monthly.   WS83,pll7;98,  pl08 

gage  heights WS27,  pp  49-50; 

36,  p  139;  48,  p  157;  65,  p  267; 
83,   pp    115-116;    98,   p  107 

rating  tables WS83,  p  116;  98,  p  108 

near  Molina,  Ga.: 

description  Ann  19,  iv,  p  234; 

20,  iv,  p  184;  WS  15,  p  45;  27,  p  47 

discharge Ann  P.),  iv,  p  234; 

WS15,  p  45;  27,  p  57;  48,  p  157 

discharge,  monthly Ann  20,  iv,  p  184 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  15,  p  45;  27,  p  49 

hydro^raphs Ann  19,  iv,  p  234; 

20,  iv,  p  184 

rating  table WS  27,  p  58 

near  Reynolds: 

discharge Ann  19,  iv,  p  210 

near  Woodbury: 

description WS48,  pp  157-158; 

05,  pp  205-266;  83,  p  117;  98,  pp  113-114 

discharge.  Ann  19,  iv, p 240;  WS48,  pl58; 

65,  p266;  83,  pll8;  98,  p  114 

discharge,  monthly Ann  22,  iv,  p  190; 

WS  75,  ]>  78;  83,  p  1 19;  98,  p  116 

gage  heights ws  48,  p  158; 

65,  p266;  83,  p  118;  98,  p  115 

hydrograph Ann  22,  iv,  p  190 

rating  tables WS  52,  p  513; 

65,  p321;  83,  p  119;  98,  p  115 
profiles Ann  22,  iv,  pp  186, 187 
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Flint  River  basin,  Ga.: 

description.  Ann  19,  iv,p233;  22, iv, pp  184-188 

map Ann  22,  iv,  p  185 

water  powers Ann  22,  iv,  p  188 

Flint  Run  in— 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  138 

Flintstone,  Ga. 

Rock  Creek  near: 

discharge WS  83,  p  235 

Flood  waters  of  the  arid  regions 

discussion  of Ann  12,  ii,  pp  227-230 

Florence,  Ala. 

Tennessee  River  near: 

shoals  in  (with  map) Ann  22, 

iv,  pp  229-230 
Florence  canal  near- 
Florence,  Ariz.: 

discharge WS  28,  p  1 42 

White's  ranch,  Ariz.: 

discharge WS  28,  p  142 

Florida  River  near— 
Durango,  Colo. : 

description WS  38,  p  311; 

66,  p  96;  85,  p  37;  100,  p  56 

discharge WS  38,  p  311 ; 

66,  p  96;  85,  p  38;  100,  p  57 

discharge,  monthly Ann  21,  iv,  p  300; 

WS  75,  p  176;  85,  p  39;  100,  p  58 

gage  heights WS  38,  p  311; 

66,  p  97;  85,  p  38;  100,  p  57 

rating  tables WS  39,  p  452; 

66,  p  174;  85,  p  38;  100,  p  58 
Floriston,  Cal. 

Alder  Creek  near: 

discharge'. WS  51,  p  405 

Flovilla,  Ga. 

Ocmulgee  River  near: 

description WS  65,  p  262; 

83,  p  110;  98,  pp  97-98 

discharge WS  65,  p  262; 

83,  pp  110,  113;  98,  p  98 

discharge,  monthly WS  75,  p  75; 

83,  p  111;  98,  p  99 

gage  heights WS  65,  p  263; 

83,  p  110;  98,  p  98 

rating  tables WS  65,  p  321; 

83,  p  110;  98,  p  99 
Flowery  Branch,  Ga. 

Chattahoochee  River  near: 

discharge WS  83,  p  127 

Flowing  Run  in— 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  137 

Flow  of  streams,  normal  or  ordinary Ann  19, 

iv,  pp  30-31 
Fodder  Creek  near— 
Hiwassee,  Ga.: 

discharge WS  49,  p  217 

Fogey  Creek,  N.  C,  in— 
Watauga  River  basin: 

discharge WS  49,  p  216 

Follows  Camp,  Cal. 

rainfall  data.  .Ann  18,  iv,  pp  407,  418;  19,  iv,  pp 
538,  539;  20,  iv,  pp  560,  561; 
WS  37,  pp  437,  438;  52,  pp 
495,    496;    66,   pp    168,   169 


Folsom,  Cal. 

American  River  near: 

discharge,  low  water Ann  22,  iv,  p  495; 

WS  28,  p  193;  51,  p  480 
North  Fork  of  American  River  near: 

discharge WS  85,  p  158 

Folsom  canal,  Cal. 

discharge WS  100,  p  305 

engineering  features. . .  Ann  13,  iii,  pp  210-214 
Folsom  dam,  Cal. 

description Ann  18,  iv,  pp  687-688 

Folsom,  Ga. 

Cedar  Spring  near: 

discharge WS  36,  p  its 

Hayse  Spring  near: 

discharge WS  36,  pp  147-148 

Fond  du  Lac,  Wis. 

East  andWest  Branches  of  Fond  du  Lac 
River  near.    See  Fond  du  Lac 
River,  East  Branch;  Fond  du 
Lack  River,  West  Branch. 
Fond  du  Lac  River,  East  Branch  of,  near- 
Fond  du  Lac,  Wis.: 

description WS  97,  pp  472-473 

discharge WS  97,  p  473 

gage  heights WS  97,  p  173 

Fond  du  Lac  River,  West  Branch  of,  near — 
Fond  du  Lac,  Wis.: 

description WS  97,  pp  473-474 

discharge WS  97,  ]>  174 

gage  heights WS  97,  p  474 

Forest  areas: 

description Ann  22,  iv,  pp  40-42 

maps Ann  22,  iv,  pp  41 

Forest  reserves: 

description Ann  22,  iv,  pp  12  1 1 

li.-,t Ann  22,  iv,  pp  43-44 

map  location  of Ann  22,  iv,  p  43 

Forestport  feeder  of— 

Black  River  Canal,  N.  Y.: 

discharge WS  85,  p  143 

Forestville,  Mich. 
Dead  River  near: 

description WS  97,  pp  189  190 

discharge,  daily WS,  97,  pp  490-494 

discharge  monthly  . . .  WS  97,  pp  495-497 
Forestville,  N.  Y. 

Black  River  near: 

discharge,  flood WS  65,  p  105 

Forge  Creek,  Tenn.,  in— 
Watauga  River  basin: 

discharge WS  49,  p  216 

Forks  (The) ,  Me. 
Dead  River  near: 

description WS  65,  p  18; 

82,  pp  34-35;  97,  p  53 

discharge WS  65,  p  18; 

82,  p  33,  97,  p  53 

gage  heights WS  65,  p  18; 

82,  p  35;  97,  p  54 
Kennebec  River  near: 

description WS  65,  p  16; 

82,  pp  26-27;  97,  p  43 

discharge WS  65,  p  16; 

82,  p  27;  97,  p  43 
discharge,  monthly.  WS  82,  p  28;  97,  p  45 
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Forks  (The),  Me— Continued. 

Kennebec  River  near— Continued. 

gage  heights WS  65,  p  16; 

82,  p  27;  97,  p  44 
rating  tables WS  82,  p  28;  97.  p  45 

Forks,  Pa. 

Neshaminy  Creek  near: 

description WS  35,  pp  64-65 

discbarge,  daily WS  35,  p  65 

discharge,  yearly Ann  20,  iv,  p  48 

Forks,  Wash. 

Calowa  [Kalovva]  River  near: 

description WS  16,  p  184;  28,  p  171; 

38,  p386;  51,  p  448;  66,  p  140 
discharge WS  16,  p  184;  28,  p  176; 

38,  p  386;  51,  p  448;  66,  p  140 
discharge,  monthly Ann  20,  iv,  p  522; 

21,  iv,  p  111;  22.  iv, 
p  460;  WS  75,  p  208 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  16,  p  184; 

28,  p  175;  38,  p  386; 
51,  p  449;  66,  p  141 

hydrographs Ann  21,  iv,  p  442; 

22,  iv.  p  160 
rating  tables WS  28,  p  176; 

39,  p455;  52,  p  523;  66.  p  177 
Forkscreek,  Colo. 

Clear  Creek  near: 

description WS  37,  pp  228-229; 

49,  pp  285-286;  66,  p  31; 
84,  p  84;  99,  pp  197-198 

discharge WS  37,  p  229; 

49,  p286;  66,  p  31; 
84,  p  84;  99,  p  198 

discharge,  monthly Ann  21,  iv.  p  205; 

22,  iv,  p  322;  WS  75,  p 
L28;  84,  i»  86;  99,  |>  L99 

gage  heights ws  :,:,  p  229: 

19,  p286;  66,  p  32; 
84,  p  85;  99,  p  198 

hydrographs Ann  21,  iv.  p205; 

22,  iv,  p322 

rating  tables WS  39,  p  148; 

52,  p  517;  66,  p  171; 
84,  p  85;  99,  p  199 
North  Fork  Clear  Creek  near: 

discharge WS  99,  p  207 

South  Fork  of  Clear  Creek  near: 

discharge WS  99,  ]>  207 

Formulas,  hydraulic WS  65 ,  pp  95  97 

Fort  Apache,  Ariz. 

rainfall  data Ann  12,  ii,  p  300;  21,  iv,  p349 

Fort  Assinniboine,  Mont. 

rainfall  data Ann  13,  iii,  p  40 

Fort  Bayard,  N.  Mex. 

rainfall  data Ann  12,  ii,  pp  300,  307 

Fort  Belknap  canal  near— 
Yantic,  Mont.: 

description WS  99,  pp  107-108 

discharge WS  99.  p  Ins 

gage  heights WS  99,  p  108 

Fort  Benton,  Mont. 

rainfall  data Ann  13,  iii,  p  40 

Missouri  River  near: 

discharge Ann  19,  iv,  p  290 


Fort  Bidwell,  Cal. 
rainfall  data  . 


Ann  22,  iv, 

np  31,  32,  33;  WS  75,  p  228 
Fort  Bliss,  Tex. 

evaporation  observations....  Ann  14,  ii,  p  154 
Fort  Bowie,  Ariz. 

rainfall  data Ann  12,  ii,  pp  300,  307 

Fort  Buford,  Mont. 

rainfall  data Ann  13,  iii,  p  40 

Fort  Canyon  Creek  in — 

Interior  drainage  basin,  Utah; 

discharge WS  100,  p  224 

Fort  Clark,  Tex. 

Las  Moras  Spring  at : 

discharge Bull  140,  p  85 

Fort  Collins,  Colo. 

Cache  la  Poudre  River  near: 

description Ann  20,  iv, 

p  290;  Bull  131,  p  30-31;   140,  p  112; 
WS  37,   p  235;  49,  p  291;  66,  p  36 

discharge Ann  11,  ii,  p  44; 

Bull  140,  p  112 

discharge,  daily Bull  131,  p  31 ; 

WS  37,  pp  235-237;  49,  p  292;  66,  p  37 

discharge,  monthly Ann  11,  ii, 

pp  95;  12,  ii,  pp  348,  360;  13,  iii, 
p  94;  22,  iv,  p  327;  WS  75,  p  130 

discharge,  yearly Ann  13,  iii,  p  98; 

20,  iv,  pp  55,  291 

hydrographs Ann  12,  ii,  p  238; 

20,  iv,  pp  292,  293 

rainfall  data Ann  20,  iv,  pp  257,  258,  265; 

WS  75,  pp  132,  134,  137 
Fort  Craig,  N.  Mex. 

rainfall  data Ann 20,  iv,  pp  356,  357,  359 

Fort  Crawford,  Colo. 

Qncompahgre  River  near: 

description Ann  18,  iv,  pp  265-266; 

19,  iv,  p  402;  Bull  140,  p  188;  WS 
16,  p  139;  28,  p  131;  37,  pp  296-297 

discharge Ann  18,  iv,  pp  266; 

19,  i  v,  p  402;  Bull  140,  p  188;  WS  16, 
p  139;  28,  p  142;  37,  p  297;  85,  p  77 

discharge,  monthly Ann  18,  iv,  p  267; 

19,  iv,  p  404;  20,  iv,  pp  378,  391; 
21,  iv,   p  279;    Bull  140,  p  189 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140,  p  189; 

WS  16,  p  l:"';  28,  p  J36;  37,  p  297 

hydrographs Aun  18,  iv,  p  268; 

19,  iv,  p  404;  20,  iv,  p  392;  21,  iv,p280 

rainfall  and  run-off  relation Ann  20, 

iv,  p  379 

rating  tables Ann  18,  iv, 

p267;  19,  iv,  p  403;  Bull  140, 
p  iss;  WS28,pl44;39,p451 
Fort  Custer,  Mont. 

rainfall  data Ann  13,  iii,  p  67 

Fort  ditch  at — 

Fort  Robinson,  Nebr.: 

discharge WS  27,  r>88 

Fort  Douglas,  Utah. 

evaporation  observations  ...  Ann  14,  ii,  p  154 
Fort  Duchesne,  Utah, 
canals  a\ove: 

d:  charge WS  50,  p  371 

iainfall  data Ann  20,  iv, 

pp  375,  377,  379;  21,  iv,  p  320 
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Fort  Duchesne,  Utah— Continued. 
Uinta  River  near: 

description WS  37,  p  290;  50,  p  870; 

66,  p  85;  85,  p  61;  100,  pp  113-114 

discharge Ann  21,  iv,  p  322,  323; 

WS    37,   p  290;   50,   p   370;    66, 
p  86;  85,  pp  62-63;  100,  pp  114-115 

discharge,  monthly Ann  21,  iv, 

p  324;  22,  iv,  p  376;  WS  75, 
p  166;  85,   p  64;   100,  p  116 

gage  heights WS  50,  p  371 ; 

66,  p  86;  85,  p  63;  100,  p  115 

hydrograph Ann  22,  iv,  p  376 

rating  tables WS  52,  p  519; 

66,  p  174;  85,  p  64;  100,  p  116 
Fort  Duchesne  Military  Reservation: 

establishment  of Ann  21,  iv,  p  313 

water  supply  of Ann  21,  iv,  p  325 

Fort  Edward,  N.  Y. 
Hudson  River  near: 

description WS  35,  p  58; 

47,  p  75;  65,  p  48;  82, 
p  100;  97,  pp  221-222 

discharge WS  47,  p  39; 

discharge,  daily WS  47,  p  76; 

65,  p  49;  82,  p  101 

discharge,  high-water WS  65,  p  50 

discharge,  monthly Ann  22,  iv,  p  107; 

WS  35,  p  24;  65,  p  49-50;  82,  p  102 

hydrograph Ann  22,  iv,  p  108 

Fort  Ellis,  Mont. 

rainfall  data Ann  13,  iii,  p  40; 

22,  iv,  pp  31,  32,  33 
Fort  Fairfield,  Me. 

Aroostook  River  near: 

description WS  97,  pp  17-18 

discharge WS  97,  p  18 

gage  heights WS  97,  p  18 

Fort  Fetterman,  Wyo. 

rainfall  data Ann  13,  iii,  p  77 

Fort  Garland,  Colo. 

rainfall  data Ann  12,  ii,  p  244; 

20,  ii,pp  356,359 
Fort  Gibson,  Ind.  T. 
Grand  River  near: 

description WS  37,  p  268;  99,  p  257 

discharge WS  37,  p  268 

gage  heights WS  37,  p  268;  99,  p  257 

Fort  Grant,  Ariz. 

rainfall  data Ann  21,  iv,  p  349 

Fort  Hall,  Idaho 

rainfall  data Ann  20,  iv,  p  470, 471, 474 

Fort  Hancock,  Tex. 
Rio  Grande  near: 

description "WS  50,  p  354; 

66,  p  71;  84,  p  179,  99,  p  376 

discharge WS  50,  p  354; 

66,  p71;  84,  p  179;  99,  p  377 

discharge,  monthly Ann  22,  iv, 

p  354;   WS  75,  p  157; 
84,    p  180;    99,    p   378 

gage  heights WS  50,  p  354; 

66,  p  72;  84,  p  180;  99,  p  378 
Fort  Huachuca,  Ariz. 

rainfall  data Ann  12,  ii,  p  307 


Fort  Hunter,  N.  Y. 

Schoharie  Creek  near: 

description WS  35,  pp  54-55; 

47,  pp  60-61 ;  65,  pp  167-168 

discharge WS  47,  pp  39,  61 

discharge,  daily WS  35,  p  55; 

47,  pp  62-63;  65,  pp  168-169 

discharge,  monthly Ann  21,  iv,  p  69; 

22,  iv,  p  100;  WS  35,  p  24 

diverted  water WS  65,  p  168 

hydrographs Ann  21 ,  i v,  p  70; 

22,  iv,  p  101 
Fortification  Creek  near — 
Craig,  Colo.: 

discharge WS  66,  p  98;  100,  p.  103 

Fort  Kearney,  Nebr. 

rainfall  data Ann  13,  iii,  p  77 

Fort  Keogh,  Mont. 

rainfall  data Ann  13,  iii,  p  67 

Yellowstone  River  near: 

discharge Ann  13,  iii,  p  6 

Fort  Laramie,  Wyo. 

North  Platte  River  near: 

discharge Bull  131,  p  92 

discharge,  monthly Ann  12,  ii,  p  240 

rainfall  data Ann  13,  iii,  p  77; 

20,  iv,  pp  257, 258, 265 
Fort  Lawn,  S.  C. 

Catawba  River  near: 

description WS  98,  p  54 

discharge WS  98,  p  55 

Fort  Lewis,  Colo. 

rainfall  data Ann  12,  ii,  p  244; 

20,  iv,  pp  375,  377,  379 
Fort  Logan,  Mont. 

rainfall  data Ann  13, 

iii,  p  40;  20,  iv,  pp  232,  233, 
235;    WS    75,  pp    115,    117 
Fort  Lowell,  Ariz. 

rain  fall  data, Ann  12,  ii,  p  300 

Fort  Lyon  canal,  Colo, 
at  rating  flume: 

discharge WS  99,  p  307 

Fort  McDowell,  Ariz. 

rainfall  data Ann  12,  ii,  p  300 

Verde  River  near:  » 

discharge,  monthly Ann  11,  ii,  p  100 

Fort  McKavett,  Tex. 
San  Saba  River  near: 

discharge WS  84,  p  156. 

Fort  McKinney,  Wyo. 

rainfall  data Ann  13,  iii,  p  67 

Fort  McPherson,  Nebr. 

rainfall  data Ann  13,  iii,  p  77 

Fort  McRae,  N.  Mex. 

rainfall  data Ann  20,  iv,  pp  356,  357,  359 

Fort  Madison,  S.  C. 

Chauga  Creek  near: 

discharge WS  98,  p  70 

Fort  Maginnis,  Mont. 

rainfall  data Ann  13,  iii,  p  40 

Fort  Mill,  N.  C. 

Catawba  River  near: 

description Ball  140,  pp  71-72 

discharge Bull  140,  p  72 

gage  heights Bull  140,  p  72 
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F<»rt  Montgomery,  N.  Y. 

Champlain  Lake  outlet  near: 

description WS  65,  \  <  38 

Richelieu  River  near: 

description WS  82,  p  77;  97,  p  340 

discharge,  daily. . . .  WS  82,  p  78;  97,  p  342 

discharge,  monthly WS  97,  p  343 

Fort  Morgan,  Colo. 

rainfall  data Ann  13,  iii,  p  77 

Fort  Mountain,  Ga. 
Holly  Creek  near: 

discharge WS  49,  p  209 

Fort  Niobrara,  Nebr. 

Minichaduza  River  near: 

discharge. . .  Ann  18,  iv,  p  193;  20,  iv,  p  300 
Niobrara  River  near: 

description WS  15,  p  80; 

27,  p  69;  37,  pp  213-214 

discharge Ann  20,  iv,  p  301;  WS  15, 

p80;  35,  pp  17-18:  37,  p  214;  84,  p  49 

gage  heights WS  15,  p  80;  37  p  214 

Fort  Plain,  N.  V. 

Garoga  Creek  near: 

description WS  35,  p  53 

Fort  Reno,  Okla. 

rainfall  data Ann  22,  iv,  pp  31,  32,  33 

Fort  Riley,  Kans. 

rainfall  data Ann  20,  iv,  pp  306,  311,  313 

Fort  Robinson,  Nebr. 

Fort  Robinson  ditch  near: 

discharge. .  Ann  18,  iv,  p  193;  WS  27,  p  88 
Soldier  Creek  near: 

discharge. .  Ann  18,  iv,  p  193;  20,  iv,  p  303; 
WS27,  p88;  50,  pSll 
Fort  Sanders,  Wyo. 

rainfall  data Ann  1:5,  iii,  p  77 

Fort  Sedgwick,  Colo. 

rainfall  data Ann  13,  iii,  p  77 

Fort  Selden,  N.  Mex. 

rainfall  data Ann  12,  ii,  pp  24  I.  248 

Fort  Shaw,  Mont. 

rainfall  data Ann  115,  iii,  p  40 

Fort  Simcoe,  Wash. 

rainfall  data Ann  20,  iv,  pp  197,  498,  500 

Fort  Snelling,  Minn. 

Minnesota  River  near: 

discharge Ann  22,  iv,  p  219 

Fort  Stanton,  N.  Mex. 

rainfall  data Ann  12,  ii,  pp  244, 2 18: 

22,  iv,  pp'31,  32,  33 
Fort  Steel,  Wyo. 

North  Platte  River  near: 

discharge WS  84,  p  94 

rainfall  data Ann  13,  iii,  p  77 

FortTejon,  Cal. 

rainfall  data Ann  18,  iv,  pp  399,  418; 

19,  i  v,  pp  538, 539;  20,  iv,  pp  560, 561; 
Bull  140,  pp  257-258;  WS  39,  pp  437, 
438;  52,  pp  495,  496;  66,  pp  168,  169 
Fort  Tej on  Creek:   * 

description Bull  140,  pp  256-258 

discharge Ann  18,  iv,  p  416;  Bull  140,  p  258 

Fort  Thomas,  Ariz. 

rainfall  data Ann  12,  ii,  p  307;  21,  iv,  p  349 

Fort  Totten,  N.  Dak. 

rainfall  data Ann  22,  iv,  pp  31,  '61,  33 


Fort  Union,  N.  Mex. 

rainfall  data Ann  12,  ii,  pp  24 1,  248 

Fort  Washakie,  Wyo. 

rainfall  data Ann  13,  iii,  p  67 

Fort  Wayne,  Ohio 

rainfall  data WS  75,  p  111 

Fort  Whipple,  Ariz. 

rainfall  data Ann  12,  ii,  p  300 

Fort  White,  Fla. 

Itchatuknee  Spring  near: 

discharge WS  27,  p  45 

Fort  Wingate,  N.  Mex. 

rainfall  data Ann  12,  ii,  pp  244,  248; 

20,  iv,  p.  400 
Fort  Worth,  Tex. 

Trinity  River  near: 

discharge WS  28,  p  130 

Fort  Yellowstone,  Wyo. 

rainfall  data WS  75,  pp  115,  117 

Fort  Yuma,  Ariz. 

rainfall  data Ann  12,  ii,  p  300 

Fosdicks  ditch,  Colo, 
near  head: 

discharge Bull  131,  p  91 

Foster  reservoir  site  in — 
Salinas  River  basin,  Cal.: 

description Ann  22,  iv,  p  486 

Foundry  Brook  near — 
Coldspring,  N.  Y.: 

description WS  97,  pp  125-126 

discharge,  daily WS  97,  p  126 

Fourmile  Creek: 

in  Laramie  River  basin: 

discharge Ann  13,  iii,  p  80 

near  Fairplay,  Colo.: 

discharge WS  84,  p  94 

Fox  Creek  in- 
New  River  basin,  Va.: 

discharge WS  49,  p  211 

Foxcroft,  .Mc 

Piscataquis  River  near: 

description WS  82,  p  23;  97,  pp  38-39 

discharge WS  82,  p  23;  97,  p  39 

discharge, monthly..  WS  82,p24;  97,  p  II 

gage  heights WS  82,  p  24;  97,  p  40 

rating  tables WS  82,  p  24;  97,  p  40 

Fox  River  near— 
Omro,  Wis.: 

description..  WS  83,  pp  297-298;  97,  p  464 

discharge WS  83,  p  298;  97,  p  464 

gage  heights..  WS83,  p298;  97,  pp  465-466 
Oshkosh,  Wis.: 

description WS  83,  p  298 

discharge WS  83,  p  298 

gage  heights WS  83,  p  299 

Ottawa,  111.: 

description WS  83,  p  173;  98,  p  207 

discharge WS  98,  p  207 

gage  heights WS  98,  p  208 

Wrightstown,  Wis.: 

description. . .  WS  83,  p  299;  97,  pp  466-467 

discharge WS  83,  p  299;  97,  p  467 

gage  heights. .  WS  83,  p  299;  97,  pp  468-469 
Fox  River  basin: 

description WS  83,  p  297 
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Framingham,  Mass. 
Sudbury  River  near: 

description WS  82,  p  52;  97,  p  76 

discharge,  monthly. .  WS  82,  p  52;  97,  p  77 

rainfall  data WS  82,  p  53;  97,  p  77 

Francis's  formula WS  65,  p  96 

Franklin,  Idaho. 
Cub  River  near: 

description "...  WS  51,  p  410;  66,  p  1 1 8 

discharge WS51,p410;  66,  p  118 

discharge,  monthly Ann  22,  iv,  p  408 

gage  heights WS  51,  p  411 

rating  table WS  52,  p  521 

Franklin,  Nebr. 

Republican  River  near: 

discharge WS  84,  p  113 

Franklin,  N.  C. 

Little  Tennessee  River  near: 

discharge Bull  140,  p  82 

Franklin  Junction,  N.  H. 
Merrimac  River  near: 

description WS  97,  pp  70-71 

discharge WS  97,  p  71 

Franktown  Creek  in— 
Washoe  Valley,  Nev.; 

discharge WS  100,  p  231 

Frazier  mine,  Cal. 

rainfall  data Ann  19,  iv,  pp  538, 539; 

20,  iv,  p  560;  WS  39,  pp  437, 438 
Frederick,  111. 

Illinois  River  near: 

discharge Ann  21,  iv,  p  176 

Frederick,  Md. 

Carroll  Creek  near: 

discharge Ann  19,  iv,  p  153 

Monocacy  River  near: 

description Ann  18,  iv,  p34;  19,  iv,  p 

153;  20,  iv,  p  129;  WS  15,  p  20:  27, 
p  10;  35,  pp  93-94;  48,  p  125;  65,  p 
234,  82,  pp  181-182;  97,  pp  305-306 

discharge Ann  IS,  iv,  p  34;  19,  iv.  p  153; 

WS  15,  p  20;  27,  p  24;  35,  p  94;  48, 
p  125;  65,  p  234;  82,  p  182;  97,  p  306 

discharge,  monthly  Ann  18,  iv,  p  35; 

19,  iv,  p  154;  20,  iv,  pp  120,  129; 
21,  iv,  p  98;  22,  iv,  p  139;  WS 
75,   p  40;    82,   p   183;  97,   p  308 

discharge,  yearly Ann  20,  iv,  p  49 

gage  heights  ...  WS  11,  p  11;  15,  p  20;  27, 

p  21;  35,  p  94;  48,  p  125;  65, 

p  235;   82,  p  182;  97,  p  307 

hydrographs..  Ann  19,  iv,  p  155;  20,  iv,  p 

130;  21,  iv,  p  98;  22,  iv,  p  140 

rating  tables...  Ann  18,  iv,  p  35;  19,  iv,  p 

154;  WS  27,  p  25;  39,  p  442;  52,  p 

512;  65,  p  319;  82,  p  183;  97,  p  307 

water  powers  and  pollutions Ann  19, 

iv,  p  153 

rainfall  data Ann  20,  iv,  pp  117,  119,  121 

Frederick,  Pa. 

Perkiomen  Creek  at: 

description.  Ann  20,  iv,  pp  89-90;  WS  35, 
p65;  47,  p  98;  65,  p  217; 
82,  pp  135-136;  97,  p  248 

discharge,  daily WS  35,  pp  66-73;  47, 

p  99;  65,  p  217;  82,  p  136 


Frederick,  Pa.— Continued. 

Perkiomen  Creek  at— Continued. 

disrharge,  monthly. .  Ann  20,  iv,  pp  90-93; 

21,  iv,  p78;  22,  iv,  pp  121- 
123;  WS75,  p  29;  82,  p  137 

discharge,  yearly.. Ann  20,  iv,  p  48 

hydrographs Ann  20,  iv,  ]>  94; 

21,  iv,  pp  79,  80 
Fredericksburg,  Va.    . 

rainfall  data WS  75,  pp  45,  47,  50 

Fredericksburg  Creek,  in— 
Carson  Valley,  Cal.: 

discharge WS  100,  p  226 

Freeland,  Mich. 

Tittabawassee  River  near: 

description WS  97,  pp  431-432 

discharge WS  97,  p  432 

gage  heights WS  97,  p  432 

Fremont,  Nebr. 

North  Platte  River  near: 

discharge Ann  20,  iv,  p  302 

Platte  River  near: 

discharge Bull  131,  p  91; 

WS  50,  p  311;  66,  p  43 
Fremont,  Ohio 

Sandusky  River  near: 

description WS  27,  p  67;  36,  p  181; 

49,  p  221;  65,  p  314 

discharge WS  27,  p  68;  36,  p  181; 

49,  p  221;  65,  p  314 

gage  heights WS  27,  p  67;  36,  p  181; 

49,  p  222;  65,  p  314 
French  Bar,  Mont. 

Missouri  River  near: 

discharge...  Ann  13,  ii,  p  39;  20,  iv,  p  244 
French  Broad  River: 

description Ann  19,  iv, 

pp  256-257;  21,  iv,  p  160 
near  Asheville,  N.  C: 

description Bull  140,  pp  80-81;  WS 

15,  p  60;  27,  p  59;  36,  pp  165-166;  48, 

p  186;  65,  p  301;   Ann  18,  iv,  p   116 

discharge  ..  Ann  18,  iv,  p  116:  Bull  140,  p 

80;  WS15,  p60;  27,  p65;  36, 

p   166;   48,   p   186;   65,  p  301 

discharge,  monthly..  Ann  19,  iv,p257-258; 

20,  iv, p  205:  21,  iv,  p  160; 

22,  iv,  p  223;  WS  75,  p  103 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights Bull  140,  p  81; 

WS  11,  p  42;  15,  p  60;  27,  p  62; 
36,  p  166;  48,  p  186;  65,   p  301 

hydrographs Ann  19,  iv,  pp  258-259; 

20,  iv,  p  205;  21,  iv,  p  161 

rating  tables. .  Annl9,  iv,  p257;  WS27,j> 

66;  39,  p  446;  52, 

p   515;   65,  ])  323 

near  Hot  Springs,  N.  C: 

discharge Bull  140,  p  si 

near  Marshall,  N.  C: 

discharge Bull  140,  p  81 

near  Oldtown,  Term.: 

description WS  48,  p  187; 

65,  p  302:  83,  p  223;  98,  pp  279-  280 

discharge WS  48,  p  187; 

65,  p302;  83,  p  223;  98,  p  280 
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French  Broad  River— Continued. 

near  Oldtown,  Tenn.— Continued. 

discharge,  monthly WS  98,  p  282 

gage  heights WS  48,  p  187; 

65,  p  302;  83,  p  223;  98,  pp  280-281 

rating  tables WS  65,  p  323;  98,  p  281 

French  Broad  River,  East  Fork,  N.  C: 

discharge WS  49,  p211 

French  Broad  River,  Middle  Fork,  N.  C: 

discharge WS49,  p  211 

French  Broad  River,  North  Fork,  N.  C: 

discharge WS  49,  p  211 

French  Broad  River,  South  Fork,  N.  ('.: 

discharge WS  49,  p  211 

French  Broad  River,  West  Fork,  N.  C: 

discharge WS  49,  p  211 

French  Broad  River  and  tributaries 

discharge,  miscellaneous..  WS  49,  pp 211-212 
See  also  WS  63,  pp  115-135 
French  Creek  and  Mahoning  River 

description Ann  20,  iv,  pp  197-198 

French  Creek,  S.  Dak. 

in  Cheyenne  River  basin: 

discharge WS  49,  p  272 

near  Custer,  S.  Dak.: 

discharge WS  49,  p  272 

near  Fairburn,  S.  Dak.: 

discharge WS  49,  p  272 

Frenchman  River,  Nebr.: 

discharge WS  39,  p  439;  50,  pp  310, 311 

near  Culbertson: 

discharge Ann  18,  iv,  p  206;  20,  iv, 

p  299;  Bull   140,  pp  135, 136; 
WS  .50,  p  310;  WS  84,  p  112 
near  Enderson: 

discharge WS84,  pll2 

near  head  of  Daman's  dam: 

discharge WS  50,  pp  310,311 

near  head  of  Maranville  dam: 

discbarge WS  50,  p310 

near  head  of  Wirsig  dam: 

discharge WS  50,  p  310 

near  Palisade: 

description Ann  18,  iv,  pp  197-198; 

Bull  131,  pp  33-34;  140,  pp  131-133 

discharge Ann  18, 

iv,  p  198;  19,  iv,  p  351;  20, 
iv,  p  299;  Bull  131,  pp  34, 
91.  92;  140,  p  132;  WS  '27, 
p  88;   39,  p.  439;   50,  p  310 

discharge,  daily Ann  18,  iv,  p  199 

discharge,  monthly Bull  140,  p  135 

gage  heights Bull  140,  pp  134-135; 

WS  11,  p  56 

rating  tables Ann  18,  iv,  p  198; 

Bull  140,  p  134 

seepage  measurements Bull  140, 

pp  347-348 
near  Wauneta: 

description Ann  18,  iv,  p  196; 

Bull  140,  p  131-132 

discharge Ann  18,  iv,  p  196; 

19,  iv,  p  351;  20,  iv,  p  299; 

Bull  140,  p  131;  WS  50,  p  310 

discharge,  daily Ann  18,  iv,  p  197 


Frenchman  River,  Nebr.— Continued, 
near  Wauneta — Continued. 

gage  heights Bull  140,  p  132 

seepage  measurements Bull  140, 

pp  347-348 
French's  Mill,  N.  Y. 

Normanskill  Creek  near: 

description WS  65,  p  58 

discharge,  daily WS  t;r>,  i  >  59 

discharge,  monthly WS  65,  p  58 

Fresno  Creek,  Cal. 
at  base  of  foothills: 

discharge Bull  140,  pp  31 1 ,  312 

Fresno,  Cal. 

electric-power  transmission  at: 

description Ann  19,  iv,  pp  516-518 

Fresno  River,  Cal. 

description Bull  140,  p  294 

Fresno  reservoir  site  on— 
San  Marcos  Creek,  Cal.: 

description  and  map Ann  22,  iv,  p  499 

Friendsville,  Md. 

Youghiogheny  River  near: 

description WS27,p59;  36,  pp  159-160; 

48,  p  176;  65,  p  289;  83, 
pp  182-183;   98,  p  243 

discharge WS  27,  p  65; 

36,  p  160;   48,  p  176;   65, 
p  289;  83,  p  183;  98,  p  243 

discharge,  monthly Ann21,iv,ppl55- 

156;  22,  iv,  p220;  "WS  75, 
p  99;  83,  p  184;  98,  p  245 

gage  heights WS  27,  p  61; 

36,  pl60;  48,  p  177;  65, 
p289;83,pl83;98,p244 

hydrograpbs Ann  21,  iv,  p  156; 

22,  iv,p220 

rating  tables WS  39,  p  445;  52,  p  514; 

65,  p  323;  83,  p  184;  98,  p  244 
Front  Royal,  Va. 

South  Branch  Sbcnandoah  River  near: 

description WS35,p89:  48,  p  119; 

65,  p232;  82,  pp  173-174;  97,  pp  314-415 

discharge WS  35,  p  89;  48,  p  119; 

65,  p  232;  82,  p  174;  97,  p  315 

discharge,  monthly WS  75,  pp  37-38; 

82,  p  175;  97,  p  316 

gage  heights WS  35,  p  90; 

48,  p  120;  65,  p  232;  82,  p  174;  97,  p  315 

rating  tables WS  65,  p  319; 

82,  pl75;  97,  p  316 
I'm- is  Creek  near — 
LakeTahoe,  Cal.: 

discharge WS  100,  p  232 

Fruto,  Cal. 

Stony  Creek  near: 

description WS  66,  p  143; 

85,  p  135;  100,  p  274 

discharge WS  66,  p  143; 

85,  p  135;  100,  p  275 

discharge,  monthly WS  75,  p  211; 

85,  p  137;  100,  p  276 

gage  heights WS  66,  p  144; 

85,  p  136;  100,  p  275 

rating  tables WS  66,  p  178; 

85,  p  136;  100,  p  276 
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Fryingpau  Creek  in— 
Walker  River  basin: 

discharge WS  100,  p  231 

Pullerton,  Nebr. 

Cedar  River  near: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  298;  Bu'l  131,  p  91;  WS66,  p  43 
Loup  River  near: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p300;  Bull  131,  p  91 
Fullerton  Creek  at — 
Sheridan  road,  Wyo.: 

discharge Bull  131,  p  90 

Fulton,  N.  Y  — 

Oswego  River  near: 

description WS  36,  pp  188-189; 

65,  pp  133-134;  82,  p  71 

discharge WS  65,  p  133;  82,  p  72 

discharge,  monthly WS  35,  p  24 


G. 


Gaddistown,  Ga. 

Suehes  Creek  near: 

discharge WS  49.  p  218 

Toccoa  River  near: 

discharge WS  49,  p  218 

GafTney,  S.  C. 

Broad  River  (of  the  Carolinas)  near: 

cross  sections Ann  21,  iv,  p  125 

description Ann  18,  iv,  pp  65-66; 

WS  15,  p  36;  27,  pp  27-28;  36,  123-124 

discharge Ann  18,  iv,  p  66; 

WS  15,  p  36;  27,  p  44;  36,  p  124 

discharge,  monthly Ann  18,  iv,  p  67; 

19,  iv,  p220;  21,  iv,  p  126 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  18; 

15,  p  36;  27,  p  38;  36,  p  124 

hydrographs Ann  19,  iv,  p  221; 

21,  iv,  pl27 

rating  tables Ann  18,  iv,  p  66; 

19,  iv,  p220;  WS39,  p  444 
Gagely  Arroyo,  Colo. 
at  mouth: 

discharge WS  99,  p.  308 

Gaging  stations: 

classification  of WS  35,  p  11 

cost  of  maintenance  of WS  35,  pp  13-15 

equipment  of Ann  11,  ii,  pp  14-18 

methods  of  rating Ann  11,  ii,  pp  19-22 

See  also  Methods  of  investigation. 
Gainesville,  Ga. 

Chattahoochee  River  near: 

description WS  65,  p  267; 

83,  p  125;  98,  pp  124-125 

discharge Ann  18,  iv  p  92;  19,  i v 

p  240;  WS  27,  p  45;  36,  p  141; 

65,  p  267;  83,  p  125;  98,  p  125 

discharge,  monthly.  WS  83,  p  127;  98,  p  127 

gage  heights WS  65,  p  268; 

83,  pp  125-126;  98,  pp  125-126 

rating  tables WS  83,  p  126;  98,  p  126 

Chestatee  River  near: 

discharge WS  83,  p  127 


Gainesville,  Ga. — Continued. 
Little  River  near: 

discharge WS  83,  p  127;  98,  pp  127-128 

rainfall  data Ann  20,  iv,  pp  177,  179,  181; 

WS  75,  pp  72,  73 
Galena  Creek  in — 

Washoe  Valley,  Nev.: 

discharge WS  100,  p  231 

Galion,  Ohio. 

Olentangy  River  near: 

discharge,  low-water Ann  20,  iv,  p215 

Gallatin,  Mont. 

Missouri  River  near: 

discharge Ann  13,  iii,  p  38 

Gallatin  River  near- 
Logan,  Mont.: 

description Ann  18,  iv,  p  128-129; 

19,  iv,  p277;  Bull  131,  pp  16-17; 
140,  p  89;  WS  15,  p  68;  27,  p  68; 
36,  pp  197-198;  49,  p  262;  66,  pp 
17-18;  84  pp  38-39;  99,  pp  123-124 

discharge Ann  18,  iv,  p  129; 

Bull  131,  pp  17,  92;  140,  p  90; 
WS15,p68;  27,  p  74;  36,  p  198;  49, 
p  262;  66,  p  18;  84,  p  39;  99,  p  124 

discharge,  monthly Ann  18,  iv,  p  130; 

19,  iv.  p  278;  20,  iv,  pp  234, 
210;  22,  iv,  p282;  Bull  140,  p  91; 
WS  75,  p  116;  84,  p  40;  99  p  126 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights Bull  131,  p  18;  140,  p  90; 

WS  11,  p  48;  15,  p  68;  27,  p  70;  36,  p  198; 
49,  p  263;  66,  p  18;  84,  p  39;  99,  p  124-125 

hydrographs Ann  18,  iv,  p  130; 

19,  iv,  p  278;  20,  iv,  p  240;  22,  iv,  p  282 

rainfall  and  run-off  relation Ann  20, 

iv,  p  235;  WS  75,  p  118 

rating  tables Ann  18,  iv,  p  129; 

19,  iv,  p  277;  Bull  140,  p  90;  WS  27, 
p  75;   52,  p  516;  84,  p  40;  99,  p  125 
Spanish  Fork,  Mont.: 

hydrograph Ann  13,  iii,  p  43 

Threeforks,  Mont.: 

discharge Ann  20,  iv,  p  244 

See  also  East  Gallatin;  West  Gallatin. 
Gallatin  River  basin: 

description Ann  11,  ii,  pp  38-39; 

18,  iv,  p  124;  20,  iv,  p  239 

irrigation  surveys Ann  13,  iii,  pp  41-46 

Gallinas  Spring,  N.  Mex.: 

rainfall  data Ann  12,  ii,  p  244 

Gallinas  River,  near — 
Las  Vegas,  N.  Mex.: 

description "WS  99,  p  253 

discharge WS  99,  p  254 

gage  heights WS  99,  p  254 

Galpin,  Mont. 

rainfall  data Ann  13,  iii,  p  40 

Gap  Creek,  N.  C,  in- 
New  River  basin: 

discharge WS  49,  p  210 

Gap  Creek,  Tenn.,  in— 
Watauga  River  basin: 

discharge WS  49,  p  216 

Garaveti  Creeks  in — 
Carson  Valley,  Nev.: 

discharge WS  100,  p  227 
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Gardiner,  Me. 

Cobbosseecontee  River  near: 

description WS  82,  pp  38-39; 

97,  pp  57-58 

discharge,  daily "WS  82,  p  39;  97,  p  57 

discharge,  monthly..  Ann  19,  iv,  pp 81  84 

discharge,  yearly Ann  20,  iv,  p  46 

hydrograph Ann  19,  iv,  p  80 

rainfall  and  run-off  relation Ann  19, 

iv,  p80 
Gardners  Spring  near— 
Adairsville,  Ga.: 

discharge WS  36,  p  148 

Gardnerville,  Nev. 

East  Fork  of  Carson  River  near: 

description "WS  51,  pp  399-400; 

66,  p  L08;  85,  pp  111-112 

discharge WS  66,  p  L08;  85,  p  112 

discharge,  monthly ws  75,  p  187; 

85,  pll3 

gage  heights WS  51 ,  p  400: 

66,  }'  109;  85,  p  112 

rating  tables "WS  66,  p  175;  85,  p  113 

Garland,  Ark. 

Red  River  near: 

discharge ws  84,  p  1 10 

i  laroga  <  !reek,  N.  V. 
above  the  Mohawk: 

discharge,  monthly WS  :'. 5,  p  24 

near  Fort  Plain,  X.  V.: 

description WS  35,  p  53 

Gasconade  River  near- 
Arlington,  Mo.: 

description ws  99,  p  36 

discharge "WS  99,  p  36 

discharge,  monthly "WS  99,  p  38 

gage  heights ws  99,  p  37 

rating  table ws  99,  p  37 

dates,  Nebr. 

Middle  Loup  River  mar: 

discharge Ann  20,  iv,  p  300; 

Bull  131,  p  91 
t  Jatevievi ,  Colo. 

Lake  Fork  River  near: 

discharge ws  100,  p  94 

Gaylesville,  Ala. 

Chattooga  River  near: 

discharge WS  98,  p  169 

<  laj  lordsville,  Conn. 

Housatonic  River  near: 

description WS  17,  pp  35  36l 

65,  pp  ^7  88;  82,  p  121;   97,  p  94 

discharge ws  47.  p  36; 

65,  p  88;  82,  p  122;  97,  p  95 

discharge,  daily WS97,pp98  101 

discharge,  low  water WS65,pp89-90 

discharge,  monthly WS  75, 

p24;  97,  pp  102-103 

gage  heights WS  47, 

p  36;  65,p89;  82, 
p   122;    97,   p    96 

hydrograph WS  75,  p  24 

rating  tables ws  65,  p  318;  97.  p  97 

General  Creek  near- 
Lake  Tahoe: 

discharge WS  100,  p  232 


i  renesee  River  near- 
Mount  Morris,  X.  Y.: 

description Ann  19, 

iv,  pp  202-204;  WS  97,  p  411 

discharge WS  97,  p  411 

discharge,  monthly .-...  Ann  20, 

iv.pp  225-226 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights ws  97,  p  412 

hydrographs Ann  19, 

iv,p263;  20,  iv,p227 
Rochester,  X".  Y.: 

description . . .  WS  65,  pp  139-140;  97,  p  398 

discharge WS  97,  p  399 

discharge,  flood WS  65, 

pl41;  97,  pp  400-403 
elevation  above  sea  level,  monthly.,  ws  85, 

pp  141-142 
Genesee  River  basin: 

description Ann  20,  iv,  p  225 

i  reneva,  Nebr. 

Beaver  Creek  mar: 

discharge WS  66,  p  43 

rainfall  data Ann  20,  iv.pp  306,308,313 

i  r.eneva,  Utah 

Utah  Lake  mar: 

description Ann  18,  iv,  pp  327-328; 

WS  16,  p  163;  28,  p  146;  38,  p  341 

gage  heights Ann  18, 

iv.  p  330;  WS  16,  p  163;  28,  p  152;  38,p  341 

Genito  Cree'k  in— 

.lames  River  basin: 

discharge Ann  19,  iv,  p  171 

(  lelloa,    Neli!'. 

Beaver  Creek  near: 

disehafge Ann  18,  iv,p  193; 

20,iv,p298;  Bull  131,  p  91;  WS  50,  p  310 

rainfall  data Ann  20,  iv,  pp257,  262,  265 

i  lenoa,  Nev. 

<  arson  Liver  near: 

discharge Ann  ll.ii.p  65 

I  lenoa  <  'reek  in— 

I  !arson  River  basin: 

discharge WS85,  p  126;  100,  p  228 

( }eorges  Creek,  Cal.,  near- 
Independence: 

discharge ws  100,  p  225 

<  leorges  Creek,  M<1.,  near— 
Westernport: 

discharge Ann  19,  iv,  p  144 

Georgetown,  Colo. 

rainfall  data Ann  20,  iv,  pp  257,  259,265 

i  leorgetow  n,  Nebr.— 

South  Loup  River  near: 

discharge..  Ann  20,  iv,  p  300;  Bull  131,  p  91 
Georgia: 

pumping  plants  in,  for  irrigation Ann 

21,  iv,  pp  142-144 

water-power  streams  of,  description Ann 

18,  iv,  pp  69-71 
Georgia  Creek  in— 
.lames  River  basin: 

discharge Ann  19,  iv  p  171 
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Gering,  Nebr. 

North  Platte  River  near: 

description Ann  19,  iv,  p  305; 

WS  15,  p  84;  27,  p  7G; 

37,   p   218;    49,   p  276 

discharge  ....  Ann  20,  iv,  p  302;  Bull  131, 

p  91;  140,  p  101;  WS  15,  p  84;  27,  p  86; 

37,  p  219;  39,  p  440;  49,  p  276;  50,  p  311 

discharge,  monthly Ann  19,  iv,  p  308; 

20,  iv,  pp  263,  267;  21, 
iv,  p  197;  22,  iv,  p  312 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights WS  15,  p  84; 

27,  p  80;  37,  p  219;  49,  p  276 

hydr<  .graphs Ann  20,  iv,  p  268; 

21, iv, p  197;  22,  iv, p  313 

rainfall  and  rnn-off  relation Ann  20, 

iv,  p  265 

rating  tables Ann  19,  iv,  p  308; 

WS  27,  p  88;  39,  p  447 

rainfall  data Ann  20,  iv,  pp  257,  258,  •_'<;:> 

German  Creek  near— 
Morgantown,  Ga.: 

discharge WS  49,  p  218 

German  Valley,  N.  J. 

South  Branch  Raritan  River  near: 

discharge WS  82,  p  127 

Giant  Springs  near- 
Great  Falls,  Mont.: 

discharge Ann  19,  iv,  p  290 

Gibbon,  Oreg. 

Umatilla  River  near: 

description Ann  18,  iv,  p361;  19, 

iv,  p  493;  WS  16,  p  180; 
28,  p  159;  38,  pp  376-377; 
51,p444;66,pl37;85,  pp 
183-184;  100,  pp  366-367 

discharge Ann  18,  iv,  p  361 ;  WS  16, 

p  180;  28,  p  169;  85, 
p    184;    100,    p  367 

discharge,  monthly Ann  19,  iv,  p  494; 

20,  iv,  p  515;  21,  iv,  p  430;  22  iv, 
p  453;  WS  75,  p  206;   85,    p  185 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  11,  p  88;  16,  p  180; 

28,  p  167;  38,  p  377;  51,  p  445;  66, 
p  137;   85,  p  184;   100,  pp  367-368 

hydrographs Ann  19,  iv,  p  494;  20,  iv, 

p  515;  21,  iv,  p  430;  22,  iv,  p  453 

rating  tables Ann  19,  iv,  p 

493;  WS  28,    p    170;  39,   p  454 
52,   p  522;  66,  p  177;   85,  p   185 
Gila  City,  Ariz. 

Gila  River  near.    See  Gila  River. 
Gila  River,  Ariz.: 

Buttes  Reservoir  on: 

description Ann  18,  iv,  pp  291-292 

ditches  diverting  water  from: 

discharge WS  38,  pp  315-316,  319 

near  Buttes,  Ariz.: 

description Ann  18,  iv,  p  286;  19,  iv, 

pp  415-416;  Bull  140,  p  207;  WS 
16,  p  147;  28,  p  133;  38,  pp  316-317 

discharge Ann  18,  iv,  pp  287-289;  Bull 

140,  p  207;  WS  16,  p  147; 
28,  p  142;  38,  pp  317-318 


Gila  River,  Ariz.— Continued. 

near  Buttes,  Ariz.— Continued. 

discharge,  monthly Ann  11,  ii,  p  100; 

12,  ii,  p  360;  13,  iii,  p  95;  18,  iv, 
p  290;  19,  iv,  p  416;  21,  iv,  p  331 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  59 

gage  heights WS  11,  p  72;  16,  p  148; 

28,  p  140;  38,  p  319 

hydrographs Ann  12,  ii,  p  306;  18,  iv, 

p  291;  19,  iv,  p  417;  21,  iv,  p  331 

rating  tables Ann  18,  iv,  p  289;  19, 

iv,  p  416 
near  Duncan,  Ariz.: 

diverted  water Ann  21,  iv,  p  336 

near  Gila  City,  Ariz.: 

gage  heights WS  100,  p  27 

near  Guthrie,  Ariz.: 

discharge Ann  21,  iv,  p  339 

near  mouth: 

discharge WS  85,  p  77;  100,  pp  125-126 

near  San  Carlos,  Ariz. : 

description WS  38,  pp  313-314;  50,  p 

385;  66,  p  98;  85,  pp  32-33;  100,  p  48 

discharge WS  38,  p  314;  50,  p  386; 

66,  p  99;  85,  p  33;  100,  p  50 

discharge,  monthly Ann  21,  iv,  p  332; 

22,  iv,p397;  WS75,  p 
179:  85,  p  35;  100,  p  51 

gage  heights WS  38,  p  314;  50,  p  386; 

66,  p  99;  85,  p  34;  100,  p  49 

hydrographs Ann  21,  iv,  p  332; 

22,  iv,  p  398;  WS  75,  p  180 

rating  tables WS  39,  p  452; 

52,  p  520;  85,  pp  34-35 
near  Yuma,  Ariz.: 

description WS  100,  p  26 

discharge WS  100,  p  26 

discharge,  monthly WS  100,  p  27 

seepage  computations.  Ann  21,  iv,  pp  343-346 

water  storage  for  irrigation  on Ann  21,  iv, 

pp  358-379 
Gila  River  basin,  Ariz.: 

description Ann  11,  ii,  pp  58-59; 

12,  ii,  pp  292-316;  18,  iv,  p  286; 
20,  iv,  p  405;  21,  iv,  p  330;  22, 
iv,  p  397;  Bull  140,  pp  204-206 

duty  of  water  in Ann  12,  ii,  pp  296-298 

evaporation  data Ann  12,  ii,  p  308 

irrigation  in Bull  140,  pp  204-206 

rainfall  and  run-off  relation Ann  12, 

ii,  pp  301-302 

rainfall  data Ann  12,  ii,  pp  299-300, 307 

reconnaissance  survey  of Ann  21,  iv, 

pp  334  -358 
Gila  River  canyon,  Ariz.: 

map Ann  21 ,  iv,  p  350 

Gilbert,  G.  K.,  paper  by: 

underground  water  of  the  Arkansas 

Valley  in  eastern  Colorado Ann  17, 

ii,  i>p  551-601 
Gillsville,  Ga. 

rainfall  data Ann  20,  iv,  pp  158, 159, 161; 

WS  75,  pp  72,  73 
Gilsonite  deposits: 

occurrence  and  character  of Ann  21, 

iv,  pp  313-314 
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Glades  Creek  near— 
Demorest,  Ga.: 

discharge WS  49,  p  208 

Glady  Creek  near— 
Eatonton,  Ga.: 

discharge WS  98,  p  104 

Glasgow,  Va. 

North  (of  James)  River  near: 

description Ann  18,  iv,  p  36; 

Bull  140,  pp  61-62;  WS  15,  p  23; 
27,  p  10;  35,  pp  95-96;  48,  p  127; 
65,  p  235;   82,  p  184;   97,  p  333 

discharge Ann  18,  iv,  p  36; 

19,  iv,  p  170;  Bull  140,  p  62;  WS 
15,  p  23;  27,  p  24;  35,  p  96;  48,  p 
127;  65,  p  235;  82,  p  184;  97,  p  334 

discharge,  monthly Ann  18,  iv,  p  38; 

19,  iv,  p  162;  20,  iv  pp  134,  135: 
21,  iv,  p  107;  22,  iv,  p  145;  WS 
75,  pp  41, 49:  82.  p  186;  97,  p  335 

discharge,  yearly Ann  20,  iv,  p  49. 

gage  heights Bull  140,  p  63; 

WS  11,  p  11;  15,  p  23:  27,  p  22;  35, 
p  96;  48,  p  127;  65,  p  236:  82,  p  185 

hydrographs Ann  18,  iv,  p  38; 

19,  iv,  p  162;  20,  iv,  p  135; 
21,  iv,  p  107;  22,  iv,  p  146 

rating  tables Ann  18,  iv,  p  37: 

WS  39,  p  443;  52,  p512;65, 
p  319:  82,  !•  185;  97,  p  335 

run-off  and  rainfall  compared WS 

75,  p  50 
Glendale,  S.  Dak. 
Iron  Creek  near: 

discharge WS  49,  ]  >  272 

Glendive,  Mont. 

rainfall  data Ann  13,  iii,  p  ti7 

Yellowstone  River  near: 

description WS  99,  pp  9]  92 

discharge WS  99,  p  92 

gage  heights WS  99,  pp93  ''7 

Glenham,  N.  Y. 

Fishkill  Creek  near: 

description WS  65,  pp  74  75; 

82,  pll7;  97,  pp  126  L27 

discharge WS  65,  pp75  76; 

82,  p  117:  97,  pp  127-128 

discharge,  daily WS  97,  pp  133-135 

discharge,  monthly WS  97,  p  136 

gage  heights WS  65,  p  76; 

82,  pi  IX;  97,  pp  129-131 

rainfall  data WS  97,  p  136 

rating  table WS  97,  i»  132 

Glenn  ranch,  Cal. 

rainfall  data WS  39,  pp  437, 438; 

52,  pp  495,496:  66,  pp  168,169 
Glens  Falls,  Mich. 

Ontonagon  River  near: 

description WS  49,  pp  259-260 

Glenwood,  Nebr. 

Wood  River  near: 

discharge Ann  20,  iv,  p  303 

Glenwood  Springs,  Colo. 
Grand  River  near: 

description WS  37,  pp  293-294; 

50,  pp  375-376;  66,  p  92; 
85,  p  48;    100,  pp  89-90 


Glenwood  Springs,  Colo.— Continued. 
Grand  River  near— Continued. 

discharge WS  37,  p  294; 

50,  p  376;  85,  p  49;  100,  p  90 

discharge,  monthly Ann  22,  iv,  p  389; 

WS  75,  p  174;  85,  p  50;  100,  p  92 

gage  heights WS  37,  p  294; 

50,  p  376;  66,  p  93;  85,  p  49;  100,  p  91 

hydrographs Ann  22,  iv,  p  389; 

WS  75,  p  174 

rating  tables WS  52,  p  520;  66,  p  174; 

85,  p  50;  100,  p  91 
Roaring  Forks  near: 

discharge WS  100,  p  93 

Goble,  Ga. 

Harris  Creek,  near: 

discharge WS  49,  p  209 

Godeffroy,  N.  Y. 

Neversink  River  near: 

description WS  97,  pp  261-262 

gage  heights WS  97,  p  262 

Golconda,  Nev. 

Humboldt  River  near: 

description Ann  18,  iv,  pp  303-304; 

Bull  131,  p  52;  140,  pp  217-218; 
WS  16,  p  154;  28,  p  146;  38,  p  329;  51, 
p  397;  66,  p  106;  85,  p  98;  100,  p  155 

ischarge Ann  18,  iv,  pp  304-305; 

Bull  1,1,  p  92;  140,  p  218;  WS  16, 
p  154;  28,  p  153;  38,  p  329;  51,  p 
397;  tif»,  p  106;  85,  p  98;  100,  p  155 

discharge,  monthly Ann  18,  iv,  p  306; 

19,  iv,  p  427;  20,  iv,  p  438;  21,  iv, 
p  392;  22,  iv,  p  401;  Bull  140,  p  220; 
WS  75,  p  182;  85,  p  100;  100,  p  157 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights Bull  140,  p  219; 

WS  11,  p74;  16,  p  154;  28, 
p  148;  38,  p  329;  51,  p  398; 
tif),  p  107;  85,  p99;  100,  p  156 

1 1  yd  rographs Ann  19,  iv,  p  429; 

20,  iv,  p  439;  21,  iv,  p  392;  22,  iv,  p  401 

rating  tables Ann  19,  iv,  p  427; 

WS  28,  p  154;  39,  p  452;  52,  p 
520;  66,  p  175;  85,  p  99;  100,  pl56 
Humboldt  River  ditches  below: 

discharge WS  100,  p  248 

Golden,  Colo. 

Clear  Creek  near: 

discharge,  flood Ann  13,  iii,  p  86 

hydrograph Ann  i3,  iii,  p  86 

rainfall  data Ann  13,  iii,  p  77 

Gold  Fork  of  Klickitat  River,  Wash.: 

discharge Ann  22,  iv,  p  455; 

WS51,  p  443 
Gooddale  Creek,  near — 
Black  Rock,  Cal.: 

discharge WS  100,  p  225 

Goodland,  Kans. 

evaporation  measurements  at: 

description Bull  140,  p  350 

Goodwater,  Ala. 

Hatchett  Creek  near: 

discharge WS  49,  p  210 

rainfall  data WS  75,  p  Mi 

Gooneys  Creek,  in — 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  138 
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Goose  Creek,  Colo..  near- 
Lake  Cheesman: 

description WS  37,  pp  222-223 

discharge WS  37,  p  223 

discharge,  monthly Ann  21,  iv,  p  211 

gage  heights WS  37,  p  223 

rating  table WS  39,  p  447 

Goose  Creek,  Nebr. 

discharge WS  39,  p  439 

Goose  Creek,  Va. 

discharge Ann  19,  iv,  p  140 

Goose  Creek,  Wyo.,  near- 
Sheridan: 

description Ann  19,  iv,  pp  295-297 

discharge,  monthly Ann  19,  iv,  p  297 

rating  table Ann  19,  iv,  p  297 

See  also  Big  Goose  Creek;   Little  Goose 
Creek. 
Gordon  Creek,  Nebr. 

discharge Ann  19,  iv,  p  800; 

20,  iv,  p  299 
Gorham,  N.  H. 

Androscroggin  River  near- 
description  WS  97,  p  60 

discharge,  daily WS  97,  p  60 

Gormania,  W.  Va. 

North  Branch  of  Potomac  River  near: 

discharge Ann  19,  iv,  p  141 

Goshen  Warmsprings  Creek,  Utah: 

description WS  52,  p  509 

Gothic,  C«lo. 

Copper  Creek  near: 

discharge WS  100,  p  94 

East  River  near: 

discharge WS  100,  p  94 

Gove,  Kans. 

rainfall  data Ann  20,  iv,  pp  306,  310,  313 

Graefenberg  Creek  near- 
New  Hartford,  N.  Y.: 

description WS  97,  p  213 

discharge,  daily WS  97,  p  214 

Graefenberg  reservoir  near— 
Utica,  N.  Y.: 

rainfall  data WS  97,  p  215 

Graff  ditch,  Nebr. 
near  head: 

discharge WS  50,  p  311 

Grafton  zanja.    See  Crafton  zaira. 
Graham  ditch,  Colo, 
at  head  gate: 

discharge WS  99,  p  308 

Grainfield,  Kans. 

rainfall  data Ann  20,  iv,  pp  306,  310,  313 

Granada,  Colo. 

Arkansas  River  near: 

description WS  28,  p  109;  37,  p  264; 

50,  p  329;  66,  p  54;  99,  pp  274-275 

discharge WS  99,  pp  275,  310 

discharge,  monthly WS  99,  p  276 

gage  heights WS  28,  p  114;  37,  p  264; 

50,  p  329;  66,  p  54;  99,  p  275 

rating  table WS  99,  p  275 

Buffalo  canal  near: 

discharge WS  99,  p  306 

Buffalo  Creek  near: 

discharge WS99,  p  306 


Grand  Encampment  Creek,  Wyo.: 

description Ann  21,  iv, 

p  195;  22,  iv,  pp  308-309 

discharge Ann  22,  iv,  p  309;  WS  84,  p  94 

map Ann  22,  iv,  p  309 

near  Peryam's  ranch,  Wyo.: 

description WS  49,  p  273 

discharge WS  49,  p  273 

discharge,  monthly Ann  22,  iv,  p  310 

gage  heights WS  49,  p  273 

hydrograph Ann  22,  iv,  p  310 

rating  table WS  52,  p  516 

Grand  Forks,  N.  Dak. 
Red  Lake  Riyer  near: 

discharge WS  100,  p  504 

Red  River  near: 

description WS  66,  pp  11-12; 

85,  pp  235-236;  100,  pp  494-495 

discharge WS  66,  p  12; 

85,  p  236;  100,  pp  495,  504 

discharge,  monthly WS  100,  p  498 

gage  heights WS  66,  p  12; 

85,  p  236;  100,  p  496 

rating  table WS  100,  p  497 

Grand  Island,  Nebr. 
Platte  River  near: 

discharge. .  Ann  20,  iv,  p  302;  WS  27,  p  88 
Grand  Junction,  Colo. 
Grand  River  near: 

description Ann  18,  iv,  pp  260-261; 

Bull  131,  p  48;  140,  p  186;  WS  16,  p  137; 
28,  p  131;  37,  pp  294-295;  50,  pp  376-377 

discharge Ann  18,  iv,  p  261;  Bull  131, 

pp  48, 92;  140,  p  187;  WS  15,  pp  137-138; 
28,  p  142;  37,  p  295;  50,  p  377;  66,  p  98 

discharge,  monthly Ann  19,  iv,  p  401; 

20,  iv,  pp  378,  389;  21,  iv,  p  281 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140,  p  187; 

WS  11,  p  67;  16,  p  138;  28,  p 
135;  37,  pp  295-296;  50,  p  377 

hydrographs Ann  19,  iv,  p  401; 

20,  iv,  p  389;  21,  iv,  p  281 

rainfall  and  run-off  relation Ann  20, 

iv,  p  379 

rating  tables Ann  19,  iv,  p  400; 

WS  28,  p  144;  39,  p  451 
Gunnison  River  near: 

description Ann  20,  iv, 

p  390;   Bull  131,  p  48;  140,  pp  189-190; 
WS  16,  p  141;  28,  p  131;  37,  pp  297-298 

discharge Bull  131,  p  48,  92;  140, 

p  190;  WS  16,  p  141;  28,  p  142;  37,  p  298 

discharge,  monthly Ann  19,  iv,  p  405; 

20,  iv,  p890;  21,  iv,  p  278 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140,  p  190; 

WS  16,  p  141;  28,  p  136;  37,  p  298 

hydrographs Ann  19,  iv,  p  406; 

20,  iv,  p  390;  21,  iv,  p  279 

rating  tables Ann  19,  iv,  p  405; 

WS28,  pl44;  39,  p  451 

rainfall  data Ann  20,  iv,  pp  375, 377, 379 

Grand  Rapids,  Mich. 
Grand  River  near: 

description WS  65,  pp  315-316; 

83,  p  272;  97,  p  442 
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Grand  Rapids,  Mich.— Continued. 
Grand  River  near— Continued. 

discharge WS  49,  p  245;  83,  p  272 

discharge,  daily WS  83, 

p  275-276;  97,  p  446 

discharge,  monthly...  WS  75,  pp  111-112; 

83,  p  277;  97,  p  447 

gage  heights WS  49,  pp  243-244; 

65,  pp  316-317;  83,  pp  273-274;  97,  p  443 

rating  table WS  97,  p  446 

water  powers WS  49,  pp  247-249 

Mississippi  River  below: 

discharge Ann  22,  iv,  p  219 

Grand  River,  Colo.: 

description Ann  18,  iv,  p  260; 

20,  iv,  p  388;  22,  iv,  p  388;  WS  50,  p  375 

drainage  areas Bull  140,  p  186 

near  Glenwood  Springs: 

description WS  37,  pp  293-294; 

50,  pp  375-376;  66,  p  92; 
85,  p  48;  100,  pp  89-90 

discharge WS  37,  p  294; 

50,  p  376;  85,  p  49;  100,  p  90 

discharge  monthly Ann  22,  iv,  p  389; 

WS  75,  p  174;  85,  p  50;  100,  p  92 

gage  heights WS  37,  p  294; 

50,  p  376;  66,  p  93;  85,  p  49;  100,  p  91 

hydrographs Ann  22,  iv,  p  389; 

WS  75,  p  171 

rating  tables WS  52,  p  520; 

66,  p  174;  85,  p  50;  100,  p  91 
near  Grand  Junction: 

description Ann  L8,  iv,  pp  260-261; 

Bull  131,  p  48;  140,  n  186; 
WS  16,  p  137;  28,  p  131; 
37,  pp  294-295;  50,  pp  376-377 

discharge Ann  18,  iv,  p  261;  Bull  131, 

pp48,92;  140,  pl87;  WS  16,  pp  137-138; 
28,  p  142;  37,  p  295;  50,  p  377;  66,  p  98 

discharge,  monthly Ann  19,  iv,  p  401; 

20,  iv,  pp  378,  389;  21,  iv,  p  281 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140,  p  187; 

WS  11,  p  67;  16.  p  138;  28,  p 
135;  37,  pp  295-296;  50,  p  377 

hydrographs Ann  19,  iv,  p  401; 

20,  iv,  p  389;  21,  iv.  p  2*1 

rainfall  and  run-off  relation Ann  20, 

iv,  p  379 

rating  tables Ann  19,  iv,  p  100; 

WS  28,  p  144:  89.  p  451 
near  Palisades,  Colo.: 

description WS  85,  pp  46-47;  100,  p  87 

discharge WS  85,  p47;  100,  p  88 

discharge,  monthly.  WS85,p48;  100,p89 

gageheights ws  85,  p  17;  100,  p  88 

rating  tables WS  85,  p  48;   100,  p  89 

near  Piney  Creek,  Colo.: 

discharge "WS  85,  p  77 

near  Shoshone,  Colo.: 

description WS  16.  p  137 

gage  heights WS  16,  p  137 

Grand  River  basin,  Colo.: 

description Ann  19,  iv,  pp  399-400; 

21,  iv,  p280 


Grand  River,  Ind.  T. 
near  Fort  Gibson: 

description "WS  37,  p  268;  99,  p  257 

discharge WS  37,  p  268 

gage  heights WS  37,  p  268;  99,  p  257 

Grand  River,  Mich.: 

analyses  of  Avater WS  49,  p  241 

description Ann  22,  iv,  pp  254-256; 

WS  49,  pp  239-243 
near  Brick  House: 

discharge WS  49,  p  245 

near  Grand  Rapids,  Mich.: 

description WS  65,  pp  315-316; 

83,  p  272;  97,  p  442 
discharge. . . .  WS  49,  pp  242,  245;  83,  p  272 

discharge,  daily WS  83,  pp  275-276; 

97,  p  446 

discharge,  monthly...  WS  75.  pp  111-112; 

83,  p277;  97,  p  447 

.  gage  heights WS  49,  pp  212,  243-244; 

65,  pp  316-317:  83,  pp  273-271;  97,  p  443 

rating  table WS  97,  pp  144-116 

water  powers WS  49,  pp  247-249 

near  Lamont,  Mich.: 

discharge WS  49,  p  2 15 

gage  heights ws  49,  p  242 

near  North  Lansing,  Mich.: 

description WS  65,  p  315; 

83,  p  279;  97,  p  448 

discharge WS  83,  p  280;  97,  p  449 

discharge,  daily WS  83,  pp  281-282; 

97,  p  451 

discharge,  monthly WS  83,  p  283; 

97,  p  452 

gage  heights WS  65,  p  315; 

83,  p  280;  97,  p  449 

rating  table WS  97.  p  450 

Grand  River  basin,  Mich.: 

description WS  S3,  pp  271-272 

map Ann  22,  iv,  p  255 

slope  and  fall  measurements WS  49, 

pp240,24] 

water  powers WS  49,  p  247 

i ; rand  River,  Ohio, in— 

Lake  Erie  drainage  basin: 

description Ann  18,  iv,  pp  465-466 

Grand  River,  Panama: 

description,  etc Ann  22,  iv,  p  624 

Grand  View,  Idaho: 
Bruneau  River  near: 

description Ann  18,  iv,  pp  339-340; 

20,  iv,  p  481;  Bull  140,  pp  239-240;  WS 
16,  p  167;  28,  p  155;  38,  p  356;  51,  p  426; 
66   p   127;  85,  p  212;  100,  pp  441-442 

discharge Ann  18,  iv,  p  340; 

Bull  140,  p240,  WS  100,  p  442 

discharge,  monthly Ann  19,  iv,  p  450; 

20,  iv,  p  473,  482;  21,  iv, 
p   410;    Bull   140,  p  240 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights Bull  140,  p  240; 

WS  16,  p  167;  28,  p  161;  38,  p  356;  51, 
p  427;  66,  p  127;  85,  p  213;  100,  p  442 

hydrographs Ann  18,  iv,  p  341;  19, 

iv,  p  451;  20,  iv,  p  482;  21,  iv,  p  410 
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Grand  View,  Idaho— Continued. 

Bruneau  River  near— Continued. 

rainfall  and  run-off  relation Ann  20, 

iv, p  474 

rating  tables WS  28,  p  169;  39,  p  453 

Grand  Ronde  River  near- 
Elgin,  Oreg.: 

description WS  100,  p  419 

discharge WS  100,  p  419 

gage  heights WS  100,  p  419 

Hilgard,  Oreg.: 

description WS  100,  p  420 

discharge WS  100,  p  420 

gage  heights WS  100,  p  121 

Granger,  Wyo. 

Black  Fork  of  Green  River  near: 

description Ann  18,  iv,  pp  268-270: 

19,  iv,  391-392;  20,  iv,  p  381;  WS  16, 
pl34;  28,  p  131;  37,  pp  287-288;  50,  p  367 

discharge Ann  18,  iv,  p  270;  WS  16, 

p  134;   28,  p  142;  37,  p  288:   50,  p  367 

discharge,  monthly Ann  18,  iv,  p  271; 

19,  iv,  p  393;  20,  iv,  p  382; 
21,  iv,  p  303;  22,  iv,  p  362 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights ." WS  11,  p  69; 

16,  p  134;  28,  p  133;  37,  p  288;  50,  p  367 

hydrographs Ann  18,  iv,  p  272; 

Hi,  iv,  p  393;  20,  iv,  p  382; 

v21,  iv,  p  304;  22,  iv,  p  362 

rating  tables . . .  Ann  18,  iv,  p  271;  19,  iv,  p 

392;  WS  28,  p  144;  39,  p  451;  52,  p  519 

Granite,  Colo. 

Arkansas  River  near: 

description Bull  140.  p  154;  WS 

16,  p  117;  28,  p  107;  37,  p  257;  66,  p  47 

discharge Bull  140,  p  154;  WS  16, 

p  117;  28,  p  116;  37,  p  257;  66,  p  47 

discharge,  monthly Ann  19,  iv,  p  354; 

20,  iv,  pp329,  330 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights Bull  140,  p  155;  WS 

16,  p  117;  28,  p  110;  37,  p  257;  66,  p  47 

hydrograph Ann  19,  iv,  p  355 

rating  tables Ann  19,  iv,  p  353; 

WS  28,  p  117 
Clear  Creek  near: 

discharge,  monthly Ann  11,  ii,  p  96 

Granite,  Okla. 

North  Fork  of  Red  River  near: 

description WS  99,  p  319 

discharge WS  99,  p  319 

gage  heights WS  99,  p  320 

Granite  Basin  reservoir  site  in— 
Kings  River  basin,  Cal.: 

description Ann  22,  iv,  p  474 

Grant,  N.  Y. 

Black  Creek  near: 

discharge WS  65,  p  154 

Grantsdale,  Mont. 

Bitterroot  River  near: 

description WS  85,  p  201;  100,  p  408 

discharge WS  85,  p  202;   LOO,  p  Ids 

discharge,  monthly _  WS  85,  p  203; 

100,  p  410 


Grantsdale,  Mont.— Continued. 

Bitterroot  River  near— Continued. 

gage  heights WS  85,  p  202;  100  p  409 

rating  tables WS  85,  p  203;  100,  p  409 

Grapeland,  Tex. 

Elkhart  River  near: 

discharge WS  84,  p  1 13 

Grapeland  canal,  Cal. 

discharge WS  28,  p  192 

Grasse  River,  N..Y.: 

description WS  65,  p  31-32 

water  powers WS  65,  p  33 

Grass  Valley  reservoir,  Cal.: 

area  capacity,  etc Ann  19,  iv,  p  627 

Grassy  Creek  near— 
Sprucepine,  N.  C: 

discharge WS  49,  p  212,  213 

Gray  Bull  River.    See  Grey  Bull  River. 
Graysonville,  Va. 
Little  River  at: 

discharge Ann  19,  iv,  p  173 

Grazing  lands: 

description Ann  22,  iv,  pp  44-48 

map Ann  22,  iv,  p  46 

Greasy  Creek,  Tenn.,  in— 
Okoee  River  basin: 

discharge WS  49,  p218 

Great  Basin  (The): 

description Ann  12,  ii,  p  324 

Greal  Cacapon,  Md. 

Potomac  River  near: 

discharge,  yearly Ann 20,  iv,  p  49 

Great  Falls,  Md. 

Potomac  River  near: 

discharge, monthly..  Ann  14,  ii,pp  135-136 

discharge,  yearly Ann  20,  iv,  p  49 

sediment  in Ann  14,  ii,  pp  139-140; 

Bull  140,  pp  59-60 
Great  Falls,  Mont. 

Giant  Springs  near: 

discharge Ann  19,  iv,  p  290 

Sun  River  near: 

description WS  15,  p  72 

discharge WS  15,  p  72 

gage  heights "WS  15,  p  72 

Great  Gunpowder  River  near— 
Loreley,  Md.: 

discharge WS  27,  p  24 

Great  Lakes: 

oscillations  of Ann  13,  iii,  pp  22-25 

Great  Lakes  drainage: 

description Ann  20,  iv,  pp  216-217; 

22,  iv,  p  239 
Great  Miami  River  system: 

description Ann  18,  iv,  p  457 

Great  Pedee  River.    See  Yadkin  River. 
Great  Plains: 

water  resources  of  a    portion   of,    by  Robert 

Hay ii,  pp  535-588 

Greal  Salt  Lake,  Utah: 

description Ann  22,  iv,  pp  412-416; 

ws:is,  p345 

gage  heights WS38,pp346  348 

rainfall  and  river  stations,  map Ann  20, 

iv,  p  455 
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Great  Salt  Lake,  Utah— Continued. 

rainfall  and  run-off  relation Ann  20,  iv, 

pp  458-459 

rainfall  data Ann  20,  iv,  pp  454-459; 

22,  iv,  pp  413, 414 
Great  Salt  Lake  watershed: 

description Ann  19,  iv,  p  431 

Great  Works  River,  N.  H.: 

description Ann  22,  pp  71-73 

water  powers Ann  22,  iv,  pp  71-72 

Greeley,  Colo. 

Cache  la  Poudre  River  near: 

description WS  99,  pp  186-187 

discharge WS  66,  p  55;  99,  p  187 

discharge,  monthly "WS  99,  p  188 

gage  heights WB99,  p  L87 

rating  table WS  99,  p  L88 

rainfall  data Ann  20,  iv,  pp  257,269,  265; 

WS  75,  pp  132, 134, 137 
Greenbrier  River,  W.  Va.: 

description Ann  21,  iv,  p  158 

near  Alderson: 

description Ann  18,  iv,  pill; 

Bull  140,  pp 77-78;  WS  15,  p  58; 
27,  p  59;  36,  p  163;  48,  p  178;  65, 
p290;  83,p  L88;  98,  pp248  249 

discharge Ann  18,  iv,  p  111; 

Bull  140,  p  78;  WS  15,  p  58;  27, 
p  65;  36,  p  L63;  48,  pp  178-179; 
65,  i»  290;   S3,  p  188:   98,  p  249 

discharge,  monthly Ann  18,  iv,  p  113; 

19,  iv,  p  254;  20,  iv.  pp  202, 
204;  21,  iv.  p  159;  22,  iv,  p 
221;  WS  7.".,  p  100;  83,  p  190 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights Bull  L40,  p  78; 

WS11,  i > 41;  15,  p58;  27,  pill; 
36,  p  L64;  is,  p  179;  65,  p 
291;  83,  p  189;  98.  pp  249-250 

hydrographs Ann  L9,  iv,  p  254; 

•_'(),  iv,  p204;  21,  iv,  p  159;  22,  iv,  p  22] 

rainfall  and  run-ofT  relation Ann  20, 

iv,  p  202 

rating  tables Ann  18,  iv,  p  112; 

19,  iv,  p253;  WS  39,  p  445; 
52,  p  515;  65,  p  323;  83,  p  189 
Green  Creek,  Cal. 
ditches  from: 

discharge WS  10n,  p  288 

in  Walker  River  basin: 

discharge WS  85,  p  125;  100,  p  230 

Greeneville,  Tenn. 

Nolichucky  River  near: 

description WS  98,  pp  285-286 

discharge WS  98,  i>  286 

discharge,  monthly WS  98,  p  287 

gage  heights WS  98,  p  286 

rating  table WS  98,  p  287 

Greenriver,  Wyo. 

Green  River  at.     See  Green  River  at 
Greenriver. 
Green  River,  Colo. 

hydrographic  data WS74,pp  127-115 

near  Ladore: 

discharge ws  2.\  p  L43 


Green  River,  N.  C,  in- 
Broad  River  basin: 

discharge WS  49,  p  206 

Green  River,  Utah-Wyo.: 

description Ann  18,  iv,  p  268; 

20,  iv,  p  380;  21,  iv,  p  302 
near  Blake,  Utah: 

description Ann  18,  iv,  pp  275-276; 

Bull    131,    p    48;    140,    pp    202-203; 
WS  16,  p  136;  28,  p  131;  37,  pp  292-293 

discharge Ann  18,  iv,  p  276; 

19,  iv,  p  396;  Bull  131,  pp  48,  92; 
140,  p  202;  WS  16,  p  136;  37,  p  293 

discharge,  monthly Ann  18,  iv,  p 

27S;  19,  iv,  p  398;  20,  iv, 
].  378,  887;  21,  iv,  p  304 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140,  p  203; 

WS11,  p70;  16,  pl36; 
28,   p    134;    37,   p    293 

hydrographs Ann  is.  iv,  p  279; 

1'.',  iv,  p398;  20,  iv,  p388;  21,  iv,  p305 

rainfall  and  run-off  relation Ann  20, 

iv.  p379 

rating  tables Ann  18,  iv,  p  277;  19,  iv, 

1.  397;  WS  28,  p  144;  39,  p  451 
near  Jensen,  Utah: 

description WS  100,  pp  123-124 

discharge ws  100,  p  124 

gage  heights ws  100,  pl24 

near  Greenriver,  Wyo.: 

description Ann  18,  iv,  pp  272-273; 

Bull  110,  p200;  WS  16,  p  135;  28, 
])  131;  37,  pp  286-287;  50,  pp  366- 
367;  66,  p  82;  85,  p  75;    100,  p  124 

discharge Ann  18,  iv,  p  271; 

Bull  140,  p  200;  WS  16, 
P  L35;  28,  p  142;  37,  p 
287;   66,    p  82;    85,   p    75 

discharge,  monthly Ann  l.s,  iv,  p275; 

19,  iv,  p395;  20,  iv,  pp  378- 
380;  21,  iv,  p302;  Bull  110, 
p201;  WS  75,  p  164;  85,  p77 

discharge,  yearly Ann  20,  iv,p58 

gage  heights Bull  140,  p  201 ; 

WS  11.  p  70;  16,  p  135;  28, 
P 131;  37,  p  287;  60,  p  867;  66, 
p  83;   85,  p  76;    100,   p  125 

hydrographs Ann  18,  iv,  p  275; 

19,  iv,  p  396;  20,  iv, 
p  381;  21,  iv,  p  303 

rainfall  and  run-off  relation Ann  20, 

iv,  p  379 

rating  tables Ann  18,  iv,  p  274; 

19,  iv,  p  395;  Bull  140,  p  201;   28, 
p  144;  39,  p  451;  66,  p  173;  85,  p  76 
near  New  Fork,  Wyo.: 

discharge Bull  131,  p  91 

tributaries  of: 

discharge WS100,  p  127 

Green  River  basin: 

description Ann  19,  iv,  pp  394-395; 

22,  iv,  pp  358-359 
Green  River,  Black  Fork  of.     See  Black 
Fork  at  Granger,  Wyo. 
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Greensboro,  Ga. 

Oconee  River  near: 

description WS  98,  pp  88-89 

discharge WS  98,  p  89 

gage  heights ws  98,  p  90 

Greensboro,  N.  C. 

rainfall  data WS  83,  p  56 

Green  Spot  Pipe  Line,  Cal. 

discharge  ....  Ann  19,  iv,  p  536;  WS  28,  p  192 
near  Mill  Creek,  Cal.: 

discharge WS  28,  p  192 

Greenwich,  Conn. 

East  Branch  of  Byram  River  near: 

description WS  97,  p  121 

discharge WS  97,  p  122 

discharge,  daily WS  97,  p  122 

discharge,  monthly WS  97,  p  123 

rainfall  data WS  97,  p  123 

Greenwood,  S.  C. 

rainfall  data Ann  20,  iv,  pp  158,  159,  161 

Gregory,  Cal. 

McCloud  River  near: 

description WS  100,  pp  276-277 

discharge WS  100,  p  277 

gage  heights WS  100,  p  277 

Grenola,  Kans. 

rainfall  data Ann  19,  iv,  p  366; 

20,  iv,  p  326,  327,  330 
Grey  Bull  reservoir,  Wyo. 

cost  of,  estimate Ann  22,  iv,  p  298 

map Ann  22,  iv,  p  296 

Grey  Bull  River,  Wyo.: 

dam  site  and  dam  proposed  on: 

cross  sections Ann  22,  iv,  p  297 

description Ann  22,  iv,  pp  295-298 

near  Meeteetse,  Wyo. : 

description Ann  19,  iv,  pp  293-294: 

WS  15,  p  75;  99,  p  88 

discharge Bull  131,  p  91 ; 

WS  15,  p  75;  99,  p  88 

discharge,  monthly Ann  19,  iv,  p  294 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights WS  15,  p  75;  99,  pp  88-89 

hydrograph Ann  19,  iv,  p  295 

rating  table Ann  19,  iv,  p  294 

Grindstone,  Me. 

East  Branch  of  Penobscot  River  near: 

description WS  82,  p  22;  97,  pp  32-33 

discharge WS  82,  p  22;  97,  p  33 

gage  heights WS  82,  p  22;  97,  p  33 

rating  table WS  97,  p  34 

Grindstone  River,  Cal.: 

discharge WS  66,  p  167 

Grose  Creek,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  214 

Gros  Ventre  River,  Wyo. 
above  mouth: 

discharge WS  100,  p  461 

Groto,  Colo. 

Arkansas  River  near: 

discharge WS  99,  p  310 

Ground  water  at  Kearney,  Ncbr. 

description Ann  21,  iv,  pp  216-217 

irk  119—05 7 


Grovant,  Wyo. 

Snake  River  near — 

description WS  38,  p  349 

gage  heights WS  38,  p  350 

Grove  ('reek  near- 
Mays  ville,  Ga.: 

discharge WS  49,  p  207 

Grove  Creek  in- 
Interior  drainage  basin,  Utah: 

discharge WS  100,  p  224 

Groveland,  Ga. 

Cannoochee  River  near: 

description WS  98,  pp  71-72 

discharge WS  98,  pp  72,  79 

discharge,  monthly WS  98,  p  74 

gage  heights  WS  98,  pp  72-73 

rating  table  WS  98,  p  73 

Lotts  Creek  near: 

discharge WS  98,  p  80 

Grove  ville  dam,  N.  Y. 
Fishkill  Creek  above: 

description WS  82,  p  119 

discharge,  flood WS  82,  p  119 

Guadalupe  River,  Tex.: 

description WS  66,  p  62-63 

discharge "WS  84,  p  157 

near  Cuero: 

description WS  84,  p  156;  99,  p  337 

discharge WS  66,  p  62;  99,  p  338 

discharge,  monthly WS  99,  p  340 

gage  heights WS  99,  pp  338-339 

rating  table WS  99,  p  339 

near  New  Braunfels: 

description "WS  28,  p  119;  37,  p  275 

discharge Ann  18,  iv  p  110; 

WS  37,  p  275;  28,  p  129 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights WS  28,  p  124;  37,  p  276 

Guadalupe  River  basin: 

description WS  99,  p  337;  84,  p  156 

Guernsey,  Wyo. 

North  Platte  River  near: 

description WS  49.  p  275: 

66,  p  27.  84,  pp  68-69;  99,  pp  165-166 

discharge WS  49,  p  275; 

66,  p  27;  84,  p  69;  99,  p  166 

discharge,  monthly Ann  22,  iv,  p  312; 

WS  75,  p  125;  84,  p  70;  99,  p  167 

gage  heights "WS  49,  p  275; 

66,  p  27;  84,  p  69;  99,  p  166 

hydrograph  WS  75,  p  126 

rating  tables WS  52,  p  516; 

66,  p  171;  84,  p  70;  99,  p  167 
Guernsey  dam  site  on- 
North  Platte  River,  Wyo.: 

map  and  sectional  elevation Ann  22, 

iv,  p  311 
Gulf  drainage 
Eastern: 

description Ann  22,  iv,  p  184; 

WS  75,  pp  76-77 
Western: 

description Ann  20,  i v,  pp  353-35  1 ; 

WS  75,  pp  149-15U 
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Gull  River,  in— 

Mississippi  River  basin: 

discharge Ann  22,  iv,  p  219 

Gunnison,  Colo. 

rainfall  data Ann  20,  iv,  pp  375, 376, 

379,  396,  398,  399 
Spring  Creek  near: 

discharge WS  85,  p  77 

Tomichie  Creek  near: 

discharge WS  100,  p  95 

Gunnison,  Utah. 

San  Pitch  River  near: 

description WS  51,  p  425; 

66,  p  125;  85,  p  94;  100,  p  150 

discharge WS  51,  p  425; 

66,  pl25;  85,  p  94;  100,  p  150 

discharge,  monthly Ann  22,  iv,  p  419; 

WS  75,  p  196:  85,  p  96;  100,  p  152 

gage  heights WS  51,  p  426; 

66,  pl25;  85,  p95;  100.  p  151 

hydrograph Ann  22,  iv,  p  119 

rating  tables WS  52.  1 1  52 1 ; 

66,  p  176;  85,  p  95;  100,  p  151 
Sevier  River  near: 

description WS  51,  p  425; 

66,  p  L26;  85,  p  88;  b>0,  pp  1  17-1  18 

discharge WS  51,  p  425; 

66,  i>  126;  85,  p88;  100,  |>  1  18 

discharge,  monthly Ann  22,  iv,  p  120; 

ws  75,  p  197;  85,  p  90;  100,  p  149 

gage  heights WS  r.i ,  p  126; 

66,  p  126;  85,  p  89;  loo,  pp  148-149 

hydrograph Ann  22,  iv,  p  420 

rating  tables WS  52,  p  521; 

66,  p  176:  85,  p  89;  100,  p  149 

Gunnison  River,  Colo.: 

description Ami  19.  iv.  p  104;  21,iv,p278 

near  Cimarron: 

description ws  100,  pp  80-81 

discharge WS  100,  I'M 

discharge,  monthly ws  100,  p  82 

gage  heights WS  100,  p  81 

rating  table WS  LOO,  p  82 

near  Cory: 

description ws  100,  p  76 

discharge WS  100,  pp  76,  '.<:: 

discharge,  monthly WS  Km,  p  78 

gage  heights WS  100,  p  77 

rating  table WS  100,  p  77 

near  Delta: 

discharge WS  66,  p  98 

near  Grand  Junction: 

description Ann  20,  iv,  p  390; 

Bull  131,  ]'  is;  lid.  pp  L89  I'.'ii;  WS 
16,  pl41;  28.  p  131:  37,   pp  297-298 

discharge Bull  131.  pp  18,92; 

140,    p   190;  WS   16,    p 
141;  28,  pl42;  37,  p  298 

discharge,  monthly Ann  19,  iv,  p  105; 

20,  iv,  p  390;  21,  iv,  p  278 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140,  p  190; 

WS  16,  p  141;  28,  p  136;  37,  p  298 

hydrographs Ann  19,  iv,  p  406; 

20,  iv,  p390;  21,  iv,  p  279 

rating  tables Ann  19,  iv,  p  405; 

WS  28,  p  144;  39,  p  451 


Gunnison  River,  Colo.— Continued, 
near  Iola: 

description WS  50,  p  378; 

66,  p  93;  85,  pp  44-45;  100,  p  85 

discharge WS  50,  p  378;  66,  p  93; 

85,  p  45;  100,  p  85 

discharge,  monthly Ann  22,  iv,  p  390; 

WS  75,  p  175;  85,  p  46;  100,  p  87 

gage  heights WS  50,  p  379;  66,  p  94; 

85,  p  45;  100,  p  86 

hydrograph Ann  22,  iv,  p  390 

rating  tables WS  52,  p  520;  66,  p  174; 

85,  p  46;  100,  p  86 
near  Rubideau: 

description WS  16,  p  140 

gage  heights WS  16,  p  140 

near  Whitewater: 

description Bull  140,  p  189;  WS  16, 

p  140;  66,  p  94;  85,  p  12;  100,  pp  64-65 

discharge WS  85,  p  43;  100,  p  65 

discharge,  monthly WS  85,  p  44 

100,  p  67 

gage  heights ws  16,  p  140;  66,  p  95; 

85,  p  43;  100,  p66 

rating  table WS  85,  p  44;  100,  p  66 

Gunnison  River  basin: 

description Bull  140,  pl88 

Gunnison  River,  North  Fork,  near — 
Hotchkiss,  Colo.: 

description WS  100,  p  78 

discharge ws  loo,  p  79 

discharge,  monthly wsi()0,p80 

gage  heights ws  100,  p  79 

rating  table ws  100,  p  80 

Guthrie,  Ariz. 

Gila  River  near: 

discharge Ann  21   iv,  p  339 

Gypsum  plains  district.  N.  Mex. 

description Ann  12,  ii,  pp  281-282 

II. 

Hagerstown,  Md. 
Marsh  bun  at: 

discharge Ann  19,  iv,  p  149 

Haggart,  N.  Dak. 

Shej  enne  River  near: 

description ws  s5,  p236;  loo,  p498 

discharge ws  85,  p  236;  LOO,  p  199 

discharge,  monthly ws  loo,  p  500 

gage  heights WS  85,  p  237; 

100.  p  199 

rating  table ws  100,  p500 

Baigler,  Nebr. 

Arickaree  River  near: 

discharge Ann  18,  iv,  pp  195,206; 

20,  iv,  p  298 
North  Fork  Republican  River  near: 

description Ann  is,  iv,  pp  194-195 

discharge Ann  Is,  iv,  p  195 

Porters  ditch  near: 

discharge Ann  is,  iv,  p  195 

Republican  River  near: 

discharge Ann  20,  iv,  p  302; 

WS  84,  p  112 
Hailey,  Idaho. 

Malade  River  near: 

discharge Ann  11,  ii.  p  83 

rainfall  data..  Ann  20,  iv,  pp  470,  472,  474 
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Hailey,  Idaho— Continued. 
Wood  River  near: 

discharge,  monthly Ann  11,  ii,  p  106 

Hailey.  Wyo. 

Beaver  Creek  near: 

discharge Ann  13,  iii,  p  70 

Halleck,  Nev. 

North  Fork  Humboldt  River  near: 

description WS  85,  p  1 05 

gage  heights WS  85,  p  105 

Halls  Gulch  near- 
Webster,  Colo.: 

discharge WS  84,  p  94 

Hamilton,  Colo. 

Morapes  Creek  near: 

discharge WS  66,  p  98 

Williams  Fork  near: 

discharge WS  28,  p  143;  50,  p  875;  66, 

p  98;   85,  p   77;  100,  p   103 

discharge,  low-water Ann  22,  iv,  396 

Hampton  Creek,  near — 
Mineralbluff,  Ga.: 

discharge WS  98,  p  293 

Hamptonville,  Cal. 

San  Joaquin  River  near: 

discharge,  yearly Bull  140,  pp  311,  312 

Hancock,  Md. 

Big  Tonoloway  Creek  near: 

discharge Ann  19,  iv,  p  148 

Little  Tonoloway  Creek  near; 

discharge Ann  19,  i v ,  p  14s 

Sleepy  Creek  near: 

discharge Ann  19,  iv,  p  136 

Hancock,  N.  Y. 

East  branch  of  Delaware  River  near: 

description WS  82,  pp  129- 

130;     97,     p    264 

discharge WS  82,  p  129;  97,  p  265 

gage  heights WS  82,  p  130;  97,  p  265 

West  Branch  of  Delaware  River  near: 

description WS  82,  p  128;  97,  p  262 

discharge WS  82,  p  128;  97,  p  263 

gage  heights WS  82,  p  129;  97,  p  263 

Handy  ditch  near — 
Arkins,  Colo.: 

description WS  99,  p  191 

discharge WS  99,  p  191 

diseharge,  monthly WS  99,  p  193 

gage  heights WS  49,  p  291;  99,  p  192 

rating  table WS  99,  p  192 

Hanging  Dog  Creek  near- 
Murphy,  N.  C: 

discharge WS  98,  p  293 

Hangman  Creek  near — 
Spokane,  Wash.: 

description WS  100,  pp  397-398 

discharge WS  100,  p  398 

Hanover,  N.  H. 

Connecticut  River  near: 

discharge Ann  21 ,  iv,  p  63 

Hannawa  Falls,  N.  Y. 
Raquette  River  near: 

description WS  82,  p  77 

Happy  Creek  in — 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  137 


Hardware  River  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  171 

Harlans  Ford,  Tex. 
Brazos  River  near: 

discharge,  monthly WS  28,  p  130 

Harlem  canal  near — 
Zurich,  Mont.: 

description WS  99,  p  106 

discharge WS  99,  p  106 

Harlem  ditch  near- 
Chinook,  Mont., 

discharge WS  99,  p  136 

Harmony  Grove,  Ga. 
Oconee  River  near: 

discharge WS  65,  p  263 

Harney  Creek,  Nebr.: 

discharge Ann  20,  iv,  p  300 

Harper  ranch,  ( )reg. 
Malheur  River  near: 

description WS  100,  pp  427-42* 

discharge WS  100,  p  428 

gage  heights WS  100,  p  428 

Harpers  Ferry,  W.  Va. 
Potomac  River  near: 

discharge Bull  131,  p  91 

rainfall  data  ..  Ann  20,  iv,  pp  117,119,121 
Shenandoah  River  near: 

discharge Bull  131,  p  91 

Harrisburg,  Pa. 

Pennsylvania  canal  near: 

discharge WS  48,  p  114 

Susquehanna  River  near: 

description Ann  19,  iv,  pp  121-122; 

WS  15,  p  8;  27,  p  9;  35  pp 
80-81;  48,  p  113;  65,  p  227;  82, 
pp   162-163;    97,   pp    272-273 

discharge WS  15,  p  8;  27,   p  23; 

35,  p81;  48,  p  113;  65,  p227; 

75,  p  32;  82,  p  163;  97,  p  273 

discharge, monthly.  Ann  19, iv,pp  125-127; 

20,  iv,  p  109;  21,  iv,  p  92; 

22,  iv,  p   129;   WS  75,  p 

32;   82,  p   165;  97,  p  2T6 

discharge,  yearly Ann  20,  iv,  p  48 

gage  heights WS  15,  pp  8-11;  27, 

p  17;  35,  p  81;  48,  p  114;  65, 
p228;  82,  pl63;    97,  |»271 

hydrographs Ann  19,  iv,  p  123;  20,  iv, 

p  110;  21,  iv,  p  92;  22,  iv,  p  129 

rainfall  data WS  97,  p  276 

rating  tables.  Annl9,  iv,  p  124;  WS27,  p24; 
39,  p  442;  52,  p  511;  65,  p 
318;  82,  p  164;  97,  p  275 
See  also  WS  109. 
Harris  Creek,  Ga.,  near — 
Goble: 

discharge WS  49,  p  209 

Harris  Creek,  Va.,  in— 
James  River  basin: 

discharge  Ann  19,  iv,  p  170 

Harroun,  Philip  E.,  paper  by: 

Rio  Grande  Valley  near  Albuquerque. .  Bull 
140,  pp  180-186 
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Hartford,  Conn. 

Connecticut  River  near: 

description Ann  '20,  iv,  pp  77-78; 

WS  35,  p  42;  47,  p  35;  65,  p 

30;  82,  pp  48-49;  97,  pp  84-85 

discharge,  monthly.  Ann  14.  ii,pp  141-144 

discharge,  yearly Ann  20,  iv,  p  47 

gage  heights....  WS 35,  pp 43-44;  L7,p35; 
65,  p31;  82,  p  49:  97,  p  85 
Harvard,  Nebr. 

rainfall  data Ann  20,  iv,  pp  306, 808, 313 

Harveys  ('reek.  Diamond  Valley,  Cal. 
above  diversion  points: 

discharge ws  100,  p  226 

Haskell  meters; 
large: 

rating  tables  for Bull  140,  pp  335  336 

small: 

rating  tables  for Bull  140,  pp  337  339 

Hassayampa  district,  Ariz.: 

description Ann  12,  ii.  p  315 

Hatchet  Creek,  Cal..  near- 
Montgomery: 

discharge ws  100,  p  305 

Hatchet!  Creek,  Ala.,  near— 
Goodwater: 

discharge WS49,  p  210 

Hat  Creek,  Cal.,  near- 
Carbon: 

discharge ws  100,  p  305 

Hat  Creek,  Nebr.: 

discharge  ....  Ann  20,  iv,  p  299;  ws  39.  p  139 
Hal  Creek  basin,  Nebr.: 

description Ann  19,  iv,  p772 

irrigation  in Ann  19,  iv,  pp  779  780 

Hat  Creek.  Wyo..  in— 
Cheyenne  River  basin: 

discharge ws  19,  p  272 

Hatton,  Wyo. 

Little  Laramie  River  near: 

description....  WS  84,  pp  70-71;  99,  p  170 

discharge WS  84,  p  71;  99,  p  171 

discharge,  monthly.  WS84,  p71;  99,  p  172 

gage  heights WS84,  p  71;  99,  p  171 

rating  tables WS  84,  p  71:  99,  p  171 

Havana,  111. 

Illinois  River  near: 

description ;...  Ann  21,  iv,  p  178 

Havre,  Mont. 

•Milk  River  near: 

description Ann  20,  iv.  p  245; 

WS  27,  pp  68  69;,  37,  p  209;   19,  p  267; 
66,  pp  15  16;  84,  p  28;  99,  pp  108-109 

discharge WS  27,  p  75;  37,  p  209; 

49,  p267:  (if,,  p  ID;  st, 
p  29;   99,   pp   109-110 

discharge,  monthly Ann  20,  iv,  p  245; 

21,  iv,  ].  is'.';  22,   iv,    p  288; 
WS75,pl22;84,p31;99,  pill 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights ws  27.  p  72;  87,  p  210; 

49,  p  267;  66,  p  16;  84,  p  30;   99,  p  110 

hydrographs Ann  20,  iv,  p  246;  21,  iv, 

pl89;  22,  iv.  p  288 

rating  tables WS  27,  p  76;  39,  p 

447;  52,  p  516;  66,  p  170: 
84,  pp  30-31;  99,  p  111 


Hawkins  Creek  in — 
Carson  River  basin: 

discharge WS  85,  p  125;  100,  p  226 

Hawksbill  Creek  in— 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  13 

Haw  River,  N.  C: 

description Ann  21,  iv,  p  115 

near  Moncure: 

description WS  27,  pp  25-26; 

36,  pp  H2-H3 

discharge WS  27,  p  44; 

36,  pll3;  48,  p  137 

discharge,  monthly Ann  21,  iv,  p  115 

gage  heights ws  27.  p  35;  36,  p  113 

hydrograph Ann  21,  iv,  p  1 1(1 

rating  table WS  39,  p  118 

water  powers Ann  19,  iv,  pp  187-188 

Hawthorne  ditch  in- 
Rapid  Creek  Valley.  S.  Dak.: 

discharge ws  99,  p  135 

Hay,  Robert,  paper  by: 

water  resourcesof  a  portion  of  the  <  Ireal 

Plains Ann  16,  ii,  pp  535-588 

Hayden,  Colo. 

Arkansas  River  near: 

description Bull  131,  p  34 

discharge Bull  131,  pp34,  91,  92 

Sage  Creek  neai : 

discharge ws  66,  p  98 

Yampa  River  near: 

discharge ws  28,  p  1 13 

Hayden  Lake,  Idaho: 

elevation  of  water  surface  of...    WS  3S,  p  370 

Haynes  Creek  near— 
Snellville,  Ga.: 

discharge ws  19,  p207 

Haj s,  Kan<. 

rainfall  data Ann  20,  iv,  pp  306,  310,  313 

Hayse  Spring  near— 
Folsom   Ga.: 

discharge WS36,  pp  1 17-148 

Hazel  Creek  near— 
Deniorest,  Ga.: 

discharge WS49,  p208 

Porters  Mills,  Ga.: 

discharge ws  36,  pl41 

Headworks  of  canals: 

engineering  features..  Ann  13,  hi,  pp 218-219 
Healdsburg,  Cal. 

Russian  River  near: 

discharge ws  100,  p  305 

Beards  Mill.  Ga. 

Amicalola  River  near: 

discharge ws  27,  p  45 

Heart  River  near — 

Richardton,  N.  Dak.: 

description WS  99,  p  66 

discharge ws  99,  p  66 

discharge,  monthly WS  99,  p  68 

gage  heights WS  99,  p  07 

rating  table WS  99,  p  67 

Heber,  Utah: 

rainfall  data Ann  20,  iv, 

PP  154,  457,  458;  21,  iv,  p  321 
Hebron,  Nebr. 

rainfall  data Ann  20,  iv,  pp  306,  309,  313 
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Hecla,  Wyo. 

Middle  Crow  Creek  near: 

description. . .  WS  84,  p  75;  99,  pp  181-182 

discharge WS  84,  p  76;  99,  p  182 

discharge, monthly.  WS84,p77;  99,pl83 

gage  heights WS  84,  p  76;  99,  p  182 

rating  tables WS  84,  p  76;  99,  p  183 

Hedges,  Ohio. 

rainfall  data WS  75,  p  111 

Heitniiin  Springs  in— 
Carson  Valley,  New: 

discharge WS  100,  p  227 

Helena,  Mont. 

rainfall  data Ann  13,  iii,  p  40:  "JO,  iv, 

pp  232,  233,  235;  WS  75,  pp  115,  116,  117 
Helena  (Lake)  dam  site,  Cal.: 

%  description Ann  18,  iv,  p  65 1 

Helper,  Utah 

Pine  River  near: 

discharge Bull  131,  p  92 

Price  River  near: 

description. .  Bull  131,  pp  48-49;  140,  p  203 

'    discharge Bull  131,  p  49;  140,  p  203 

Helton  Creek  in- 
New  River  basin,  N.  C: 

discharge WS  49,  p  210 

Hemet  dam,  Cal.: 

description Ann  18,  iv,  pp  662-669 

maps  and  sections.  Ann  18,  iv,  pp662,  663,  664 
Hemet  Valley  reservoir  project,  Cal.: 

engineering  features..  Ann  13,  iii,  pp  316-317 
Hemlock  Lake  near- 
Hemlock,  N.  Y.: 

description WS  97,  pp  404-406 

discharge WS  97,  pp  407-409 

diversions WS  97,  p  410 

gage  heights WS  97,  p  409 

Henderson  Springs,  Tenn. 
Walden  Creek  near: 

discharge WS  49,  p  217 

Henesey,  Ga. 

Loud  ditch  near: 

discharge WS  49,  p  208 

Henry  Fork,  Idaho: 

above  mouth  of  Falls  River: 

discharge,  monthly Ann  13,  iii,  p  97 

discharge,  yearly Ann  13,  iii,  p  99 

hydrograph Ann  12,  ii,  p  314 

in  canyon: 

discharge,  monthly.  Ann  12,  ii,  pp 355, 361 
near  mouth: 

discharge,  yearly Ann  20,  iv,  p  61 

Henrys  Lake,  Idaho: 

North  Fork  Snake  River  near: 

discharge WS  100,  p  461 

Henson  Creek,  Colo.,  near- 
Capitol  City: 

discharge WS  100,  p  94 

Lake  City: 

discharge WS  100,  p  94 

Henson  Creek,  N.  C. 

Nolichucky  River  basin- 
discharge WS  49,  p  212 

Hermosa,  S.  Dak. 
Battle  Creek  near: 

description WS  99,  p  54 

discharge WS49,p272;  99,  pp55,  L35 

gage  heights WS  99,  p  55 


Hcrndon,  Cal. 

San  Joaquin  River  near: 

cross  sections Ann  18,  iv,  p  387 

description.  Ann  12,  ii,  pp 321-322;  18,  iv, 
pp  385-387;  Bull  131,  pp  81-82; 
140,  pp  290-291;  WS  16,  p  190; 
28,  pp  179-180;  38,  p  395;  51,  p 
458;  66,  p  151;  85,  p  155;  100,  p  303 

discharge Ann  18,  iv,  p  387; 

Bull  131,  p  82;  110,  p  291;  WS  16,  p  190; 

28,  p  185;  38,  p  396;  51,  p  459;  66,  p  151 

discharge,  low  water  ..  Ann  20,  iv,  p  526; 

22,    iv,    p   496;    WS  28, 

p  19:;:  39,  p  133;  51,  p  481 

discharge,  monthly Ann  18,  iv,  p  389; 

19,  iv,  p  515;  20,  iv,  p  529; 
21,  iv,  p  466;  22,  iv,  p  166; 
Bull  140,  p  291 ;  WS  75,  p  216 

discharge,  yearly Ann  20,  iv,  p  633 

gage  heights Ann  12,  ii,  p 

318;  Bull  131,  p  82;  140,  pp  292-293;  WS 
11,  p  91;  16,' p  190;  28,  p  183;  38,  p  396; 
51,  p  459;  66,  p  152;  85, p  156;  100,  p  304 

hydrographs Ann  12,  ii,  p  316; 

18,  iv,  p390;  19,  iv,  p516; 
20,  iv,  p530;  21,  iv,  p  467; 
22,iv,p466;  WS  75,  p  216 

rating  tables Ann  18,  iv,  p  388; 

19,  iv,  p  515;  Bull  140,  p  292;  WS 
28,  p  1 8;  39,  p  155;  52,  p  523;  66, p  1 78 
Hesperus,  Colo. 

La  Plata  River  near: 

discharge Ann  20,  iv,  p  110 

gage  heights WS  28,  p  143 

Hesse  Creek  near- 
Millers,  Tenn. 

discharge WS  49,  p  217 

Hetch  Hetchy  Valley  dam  site,  Cal. 

profile Ann  21,  iv,  p  452 

Tuolumne  River  near. 

description ws  66,  p  146 

discharge WS  66,  p  147;  100,  p  306 

discharge,  mont hly WS  75,  p  212 

gage  heights WS  66,  p  117 

Hetch  Hetchy  Valley  reservoir,  Cal. 

description,  etc Ann  21,  iv,  pp  150-165 

Hickory  Level  Creek  near— 
Maysville,Ga.: 

discharge WS  49,  p  207 

Hickory  Nut  Creek  in- 
Broad  River  basin,  N.  C: 

discharge WS  49,  p  205 

High  Bridge,  N.  J. 

South  Branch  Raritan  River  near- 
discharge WS  82,  p  127 

High  Bridge,  Tex. 

Pecos  River  near- 
description  WS  28,  pp  119-120 

gage  heigh  ts WS  28,  j ,  126 

High  Dam,  N.  Y. 

Oswego  River  near- 
description  WS  82,  p  76 

discharge WS  82,  p  76 

hydrograph WS  75,  i»  25 

Highlands,  Cal. 

City  Creek  near- 
description  Ann  19,  i\  ,  p  613 

discharge,  Low  water Ann  19,  Lv,p613 
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Highlands  canal  near- 
Phoenix,  Ariz.: 
discharge 

Highlands  canal,  Cal. 
discharge 


Ann  21,  iv,  pp  381,382 


Ann  19,  iv,  p  536; 

WS28,pl92;  85,  p  179 
Highline  canal  near- 
Denver,  Colo.: 

engineering  features.  Annl3,iii,ppl79-181 
Rocky  Ford,  Colo.: 

discharge Bull  131,  p  90 

Highline  ditch,  Colo, 
near  head: 

discharge Bull  131,  p  91 

High  Plains  (The)  and  their  utilization: 

paper  on,  by  Willard  D.  Johnson Ann  21, 

iv,  pp  601-741;  22,  iv,  pp  631-669 
High  Shoals  Creek  near- 
Mountain  Scene,  Ga.: 

discharge WS  49,  p  217 

High  Sierra  reservoirs,  Cal.: 

engineering  features..  Ann  13,  iii,  pp  398    I  1 3 
Highspire,  Pa. 

Pennsylvania  canal  near: 

discharge WS  48,  p  114 

Hightower,  Ga. 

Coburns  Creek  near: 

discharge WS  49,  p  208 

Etowah  River  near; 

discharge ws  49.  p  208 

Osborn,  Ga.: 

discharge ws  49.  p  217 

Hilgard,  Oreg. 

Grande  Ronde  River  near: 

description ws  L00,  p.  420 

discharge WS  100,  p  420 

gage  heights WS  100,  p  121 

Hillabee  Creek  near- 
Alexander  City,  Ala.: 

description ws  is,  p  L72; 

65,  p271;  83,  pp  L39  1  10;  98,  p  139 

discharge WS  48,  p  172: 

65,  p271;  83,  p  1  10;  98,  p  140 

discharge,  monthly WS  75,  p  82; 

83,  p  141;  98,  pill 

gage  heights WS  48,  p  17:'.: 

65,  p  272;  83,  p  140;  98,  p  1  10 

rating  tables WS65,  p322; 

83,  p  Ml:  98,  p  111 
Hill  City,  S.  Dak. 

Spring  Creek  near: 

discharge WS  99,  p  136 

Hillsdale,  Ohio. 

rainfall  data WS  75,  p  111 

Hills  Ford,  Dawson  County.  Ga. 
Amicalola  River  at: 

discharge WS  27,  p  45 

Hinton,  W.  Va. 

New  River  near: 

description Bull  140,  pp  78-79; 

WS  36,  p  164 

rainfall  data Ann  20,  iv,  pp  199,  201,  202 

Hiwassee,  Ga. 

Bell  Creek  near: 

discharge WS  49,  p  217 

Fodder  Creek  near: 

discharge WS  49,  p  217 


Hiwassee,  Ga. — Continued. 
Hiwassee  River  near: 

discharge WS  49,  p  217 

Hog  Creek  near: 

discharge WS  49,  p  217 

Mill  Creek  near: 

discharge WS  49,  p  217 

Owl  Creek  near: 

discharge WS  49,  p  217 

Hiwassee  River: 

description Ann  21,  iv.  p  161 

near  Charleston,  Tenn.: 

description WS  36,  pp  1 70-1 71 ; 

48,  p  192;  65,  p  309;  83,  p  205 

discharge ws  :;«;,  p  171; 

l,s.  p  192;  65,  p309;  83  |>  205 

discharge,  monthly Ann  22,  iv,  p  225; 

WS  75,  p  107:  83,  p  207 

gage  heights WS  36,  p  171; 

48,  p  192;  65,  p310;  83,  p  206 

hydrographs Ann  22,  iv,  p  226; 

WS  75,  p  108 

rating  tables WS  52,  p  515; 

65,  p  324;  83,  p  207 
near  Hiwassee,  Ga.: 

discharge ws  44,  p  217 

near  Murphy,  N.  C: 

description Ann  is,  iv,  p  lis-, 

19,  iv.  p  259:  WS  15,  p  63;  27, 
p60;  36,  pj.  169-170;  48,  p  190; 
65,  p  306;  83,  p  211;  98,  p  268 

discharge Ann  is,  iv,  p  1 18; 

Bull  1 10,  p  82;  ws  15,  p  63; 
27,  p65;  36,  p  170;  48,  p  190; 
65,  p306;  83,   p  21  I;  98,  p  268 

discharge,  monthly Ann  19,  iv,  p  260; 

20,  iv,  p209;  21,  iv,  p  165;  22,  iv,  p22l; 
WS  75,    p    106;    S3,   p   216;    98,    |»  270 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights ws  11,  p.  43;   15,  p  63 

27,  p64;36,  p  170;  4S,  pl91; 
65,  p307;  83,  p  215;  98,  p  269 

hydrographs Ann  20,  iv,  p  209; 

21,  iv,  p  16.". 

rating  tables Ann  19,  iv,  p  259; 

WS27,  p66;  39,  p  146;  52,  p  515; 
65,    p  324;    83,    p  215;    98,    |>    269 
mar  Reliance,  Tenn.: 

description WS  is,  p  191;  65,  p  308; 

83,  p210;  98,  pp  262  263 

discharge Ann  19,  iv,  p  260; 

WS  27,  p  45;  36,  p  171;  48,  p  191; 
65,   p  308;   83,  p  210;   98,  p  263 

discharge,  monthly Ann  22.  iv,  p  225; 

WS  75,  j.  107;  83,  p  212;  98,  p  265 

gage  heights WS  Is,  p  L92; 

65,  p  309;  83,  p  211;  98,  p  263-264 

rating  tables WS  52,  p  515; 

65,  p  324;  83,  p  211;  98,  p  264 
Hiwassee  River  and  tributaries 

discharge,  miscellaneous. .  WS  49,  pp  217-218 
Hoback  River,  Wyo. 
at  mouth: 

discharge WS  100,  p  461 

Hobart,  Okla. 

Elk  Creek  near: 

discharge Vv  S  99,  p  320 


AND"! 
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Hobart,  Okla.— Continued. 
Little  Elk  Creek  near: 

discharge WS  99,  p  320 

Hobart  Mills,  Cal. 

Prosser  Creek  near: 

description- WS  100,  pp  200-201 

discharge WS  100,  p  201 

gage  heights WS  100,  p  201 

Hobble  Creek,  Utah: 
above  canals: 

discharge WS  100,  p  224 

in  canyon: 

discharge Ann  11,  ii,  ]>  109 

Hobble  Creek  canals,  Utah: 

data  regarding WS  52,  pp  505-50(1 

duty  of  water WS  52,  p  507 

Hocking  River  system: 

description Ann  18,  i v,  p  460 

Hog  Creek,  near— 
Hiwassee,  Ga.: 

discharge WS  49,  p  217 

Hogthief  Creek,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  215 

Hogtrough  Creek,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  214 

Holcornb  Creek,  Cal. 

rainfall  data Ann  20,  iv,  pp  560,  561; 

WS  89,  p  437,  438;  52,  pp  495,  496 
Holcomb  Rock,  Va. 
James  River  near: 

description WS  48,  p  129; 

65,  p  237:  82,  p  192;  97,  p  332 

gage  heights WS  48,  p  130; 

65,  p  '237;  82,  p  192;  97,  p  332 
Holdrege,  Nebr. 

rainfall  data Ann  20,  iv,  pp  306, 308, 313 

Holland,  S.  C. 

rainfall  data Ann  20,  iv,  pp  158, 159, 161 

Hollensheds  Bridge,  Ga. 
Amicalola  River  near: 

discharge WS  27,  p  45 

Hollins  Creek,  N.  C,  in- 
Broad  River  basin: 

discharge WS  49,  p  206 

Hollow  Creek,  S.  C,  near— 
Kathwood: 

discharge WS  49,  p  207 

Hollow  Poplar  Creek,  N.  C,  in — 
Nolichucky  River  basin: 

discharge WS  49,  p  213 

Holly,  Colo. 

Arkansas  River  near: 

description Bull  140,  p  160 

discharge Bull  131,  p  90;  WS  99,  p  310 

Two  Butte  Creek  near: 

discharge WS  99,  p  310 

Holly  Creek,  Ga.,  near- 
Fort  Mountain: 

discharge WS  49,  p  209 

Holston  River,  Tenn.,  near— 
Knoxville: 

discharge Ann  19,  iv,  p  260 

Holston  River  basin: 

hydrographic  data WS  62,  pp  36-42 


Holston  River,  Laurel  Fork  of: 

discharge WS  49,  p  214 

Holston  River,  Middle  Fork  of: 

discharge WS  49,  p  215 

near  Osceola: 

discharge WS  27,  p  66 

Holston  River,  North  Fork  of: 
near  Saltville: 

discharge WS  27,  p  66 

Holston  River,  South  Fork  of: 
near  Abingdon: 

discharge WS  27,  p  66 

near  Bluff  City,  Tenn.: 

description WS  48,  p  182; 

65,  p  297;  83,  p  227;  98,  pp  287-288 

discharge TATS  48,  p  182;  65,  p  297; 

83,  p  227;  98,  p  288 

discharge,  monthly WS  83,  p229; 

98,  p  290 

gage  heights WS  48,  p  183; 

65,  p  298;  83,  p  228;  98,  pp  288-289 

rating  tables WS  65,  p  323; 

83,  p  228;  98,  p  289 
Holston  River,  South  Fork  of,  and  tribu- 
taries: 
discharge,  miscellaneous..  WS  49,  pp  214-215 

See  also WS  62,  pp  42-77 

Holt,  Mont. 

Flathead  Lake  near: 

description WS  51,  p  437 

gage  heights WS  51 ,  p  437 

Swan  River  near: 

description WS  51,  pp  436-437 

discharge WS  51,  p  437 

gage  heights WS  51,  p  437 

Holt  Creek,  Nebr.: 

discharge WS  39,  p  439 

Hoi  ton,  Ga. 

Ocmulgee  River  near: 

discharge WS  98,  p  103 

Holtsburg,  N.  C. 

Yadkin  River  near: 

description Bull  140,  p  70 

discharge Bull  140,  p  70 

gage  heights Bull  140,  p  71 

Holyoke,  Mass. 

Connecticut  River  near: 

description Ann  19,  iv,  p  116; 

20,   iv,  p  76;    Bull  140,  p  37; 
WS  35,  p  40;  47,  p  35;  65,  p  30 

discharge,  daily WS  35,  pp  41-42 

discharge,  monthly Ann  19,  iv,  p  116; 

20,  iv,  p  76;  Bull  140,  pp  38-41 

discharge,  yearly Ann  20,  iv,  p  47 

hydrographs Ann  19,  iv,  p  117; 

20,  iv,  p  77 
Homedale,  Idaho. 

Succor  Creek  near: 

description WS  100,  p  440 

discharge WS  100,  p  440 

discharge,  monthly WS  100,  p  441 

gage  heights WS  100,  p  140 

rating  table WS  100,  p  441 

Homer,  Ga. 

Little  Hudson  .Creek  near: 

discharge WS  49.  p  207 
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Hominy  Creek  near— 
Asheville,  N.  C: 

discharge WS  -19,  p  211 

Hondo  River  near- 
Hondo  Reservoir  site,  N.  Mex.: 

description WS  99,  p  362 

discharge WS  99,  p  363 

gage  heights WS  99,  p  363 

Kpsweli,  N.  Mex.: 

description WS  99,  pp  361-362 

discharge WS  99,  p  362 

gage  heights WS  99,  p  362 

Hone  >ye  Creek: 

drainage  areas WS  97,  p  404 

near  East  Hush,  N.  V.: 

description WS  97,  pp  103-404 

Honk  Falls,  N.  Y. 

Rondout  Creek  mar: 

description ws  65,  pp  69-70; 

82,  p  114;  97,  p  165 
Honnold,  Colo. 

Snake  River  near: 

gage  heights ws  28,  p  143 

Hood  River,  Oreg.: 

description Ann  21,  iv,  p  434   135 

discharge Ann  19,  iv,  p  500 

near  Tuckers: 

description ws  16,  p  181;  28,  p  159 

38,  p380;  51,  p  II". 

discharge Ann  20,  iv,  p516;  ws  Hi, 

p  L81;   28,  p  L69;   38,  p  380 
discharge,  monthly....  Ann  21,  iv,  p  435 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights ws  16,  p  181;  28, 

I'  168;   38,  p  380 

hydrograph Ann  21,  iv.  p  136 

rating  table ws:;:i  p  155 

rainfall  data Ann  19;  iv,  p  500 

Hood  River  basin,  t  >reg.: 

description Ann  19,  iv.  pp  198-500 

map Ann  19,  iv,  p  199 

Hooker,  Mo. 

Big  Pinej  I  !reek  near: 

description ws  99,  p  10 

discharge WS99,  p  10 

discharge,  monthly WS99,  p  n 

gage  heights WS  99,  p  40 

rating  table ws  99,  p  41 

Hooper,  Wash. 

Palouse  River  near: 

description WS  16,  pl72; 

28,  p  155;  38,  pp  360-361;  51,  p  143;  66, 
p  L36;  85,  pp  203-204;  100,  pp  413-414 

discharge Ann  19,  iv,  p460; 

WS16,  pl72;  28,  p  L68;  51, 
p444;   85,  p  204;  100,  p  414 

discharge,  monthly Ann  20,  iv,  pp 

489,  514;  21,  iv,p  111:  22,  iv, 
1 1 452;  WS  75,  p  206;  85,  p  205 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights WS  16,  p  172; 

28,  p  162;  38,  p  361;  51,  p  444; 
66,  p  137;  85,  p  204;  100,  p415 

hydrographs Ann  20.  iv,  p  490; 

21,  iv,  p415;  22,  iv,  p  452 

rainfall  ami  run-oil'  relation Ann  20, 

iv,  p  514 


Hooper,  Wash.— Continued. 

Palouse  River  near— Continued. 

rating  tables WS  28,  p  170;  39,  p  454; 

52,  p  522;  66,  p  177;  85,  p  205 
Hoosic  River  near — 
Buskirk,  N.Y.: 

description WS  97,  pp  219-220 

discharge WS  97,  p  220 

gage  heights WS  97,  p  221 

Horr,  Mont. 

Yellowstone  River  near: 

description Ann  14,  ii,  pp  104-105; 

Bull  131,  pp  26-27 

discharge,  monthly Ann  1 1,  ii,  p 93; 

12,  ii,  pp:M7,  360;  13, 
iii,  p  93;  14,  ii,  p  105 

discharge,  yearly Ann  13,  iii,  p  98; 

20,  iv,  p53 

gage  heights Bull  131,  i  >  '11 

hydrographs Ann  12,  ii  p236; 

13,  iii,  p  66 

rating  table Bull  131,  p  27 

Horse  Creek,  Colo.,  near- 
mouth  : 

discharge WS  99,  p  308 

Horse  Creek,  Nebr.: 

discharge Ann  18,  iv,  p  206;  20 iv,  p299; 

Bull  110,  plOl;  WS39,  p439;  50,  p  311 
Horse  Creek,  N.  ('.: 

in  New  River  basin: 

discharge WS  49,  p  210 

in  Nolichucky  River  basin: 

discharge ws  49,  p  112 

Horse  ("reek,  Wyo.: 

discharge ws  66,  p  23 

I  lor-,  head  Creek,  Nebr.: 

.  lischarge ws  39,  p  439 

Horseshoe  Creek,  Wyo.: 

description Ann  20,  iv,  p270 

ditches  diverting  water  from: 

map Ann  2(1,  iv,  p  270 

reservoir  sites  on: 

description Ann  20,  iv,  pp  270-273 

Hoschton,  Ga. 

Cedar  Creek  near: 

discharge ws  19,  p  207 

Hotchkiss,  Colo. 

Leroux  Creek  near: 

discharge ws  100,  p  92 

North  Fork  Gunnison  Rivernear: 

description WS  100,  p  78 

discharge ws  100,  p  79 

discharge,  monthly ws  100,  p  80 

gage  heights wsioo,  p  79 

rating  table WS  100,  p  80 

Hot  Springs,  N.  C. 

French  Broad  River  near: 

discharge Bull  140,  p  81;  WS  49,  p  211 

Shutin  Creek  near: 

discharge WS  49,  p  212 

Spring  Creek  near: 

discharge WS  49,  p  212 

Hot  Springs,  S.  Dak. 
Fall  Creek  near: 

discharge WS  99,  p  135 

Fall  River  near: 

discharge WS  49,  p  272 


KOwoodND]      UNITED    STATES    GEOLOGICAL    SURVEY,   1888-1903.  105 


Hot  Springs,  Va. 

rainfall  data WS  75,  pp  45, 47, 50 

Hot  Wells,  Tex. 

San  Antonio  River  near: 

discharge WS  28,  p  130;  84,  p  157 

Hot  Wells  at— 

San  Antonio,  Tex.: 

discharge  .*. WS  66,  p  58 

Housatonic  River: 

near  Birmingham,  Conn.: 

discharge WS  65,  p  90 

near  Gaylordsville,  Conn.: 

description WS  47,  pp  35-36;  65,  pp 

87-88;  82,  p  121;  97,  p  94 

discharge WS  47,  p  36; 

65,  p88;  82,  p  122;  97,  p  95 

discharge,  daily WS  97,  pp  98-101 

discharge,  low-water WS  65,  pp  89-90 

discharge,  monthly WS  75,  p  24; 

97,  pp  102-103 

gage  heights WS  47,  p  36; 

65,  p  89;  82,  p  122;  97,  p  96 

hydrographs WS  75,  p  24 

rating  tables WS  65,  p  318;  97,  p  97 

near  Kent,  Conn.: 

discharge WS  65,  p  90 

near  New  Milford  Falls,  Conn.: 

discharge WS  65,  p  90 

water  powers WS  65,  p  88 

Honsatonic  River  basin: 

description WS  97,  p  94 

Howardsville,  Colo. 
Animas  River  near: 

discharge WS  100,  p  64 

Hudson  Bay  drainage: 

description WS  75,  p  113; 

85,  p  224-225;  100,  pp  475-476 
Hudson  River,  N.  Y.: 

description Ann  22,  iv,  p  84 

near  Fort  Edward: 

description WS  35,  p  58; 

47,  p  75;  65,  p  48;  82, 
p  100;  97,  pp  221-222 

discharge WS  47,  p  39 

discharge,  daily WS  47,  p  76; 

65,  p49;  82,  plOl 

discharge,  high-water WS  65,  p  50 

discharge,  monthly Ann  22,  iv,  p  107; 

"WS  35,   p  24;  65, 
pp  49-50;  82,  p  102 

hydrograph Ann  22,  iv,  p  108 

near  Mechanicsville: 

description Ann  19,  iv,  pp  117-118; 

WS  35,  pp  58-59;  47,  p  77;  65, 
pp  50-51;  82,  p  102;  97,  p  218 

discharge WS  47,  p  39 

discharge,  daily WS  35,  pp  59-61; 

47,  pp  78-79;  65,  p  52; 

82,   p   103;   97,  p  218 

discharge,  monthly.  Ann  19, iv,pp  119-122; 

20,  iv,  p  81;  22,  iv,  pp  109- 

110;  WS  35,  p  24;  65,  pp 

52-53;  82,  p  104;  97,  p  219 

discharge,  yearly Ann  20,  iv,  p  47 

hydrographs Ann  19,  iv,  p  118; 

20,  iv,  p80;  21,  iv,  p  72; 
22,  iv,  pill;  WS7r>  p23 


Hudson  River  basin,  N.  Y.: 

description Ann  20,  iv,  pp  78-81; 

21,  iv,  p  71;  WS  97,  pp  124-125 

map Ann  21,  iv,  p  71 

Hugo,  Colo. 

rainfall  data Ann  20,  iv,  pp  326,  328,  330 

Hull  Creek  near — 

Eleanor  Trail  Crossing,  Cal.: 

discharge WS  100,  p  306 

Humboldt  River,  Nev.: 
near  Battle  Mountain: 

description Ann  18,  iv,  p  302 

discharge..  WS16,  pl53;  Ann  18,  iv,  p 302 

discharge,  monthly Ann  18,  iv,  p  303; 

19,  iv,  p  426 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights WS  11,  p  74;  16,  p  153 

hydrographs Ann  18,  iv, 

p309;  19,  iv,  p  426 

rating  tables Ann  18,  iv,  pp  302-303; 

19,iv,p425 
near  Elko: 

description Ann  18,  iv,  pp  299-300; 

Bull  140,  p  216;  WS  16,  p  152; 
28,  pp  145-146;   38,  pp  326-327; 

51,  p  395;  66,    p  104;  85,  p  103 
discharge Ann  18,  iv,  p  300; 

Bull  140,  p  216;  WS  16,  p 
152;  28,  p  153;  38,  p  327;  51 
p  395;  66,  p  104;  85,  p   104 

discharge,  monthly Ann  18,  iv,  p  301; 

19,  iv,  p  425;  20,  iv,  p  437;  21, 
iv,  p  390;  22,  iv,  p  399;  Bull  140, 
p  2171  WS  75,  p  181;  85,  p  105 

gage  heights Bull  140,  p  217; 

WS  11,  p  73;  16,  p  152; 
28,  p  147;  38,  p  327;  51, 
p  396;  66,  p  105;  85,  p  104 

hydrographs Ann  18,  iv,  p  309; 

19,  iv,  p426;  20,  iv,p438; 
21, iv, p  390;  22,  iv, p  399 

rating  tables Ann  18,  iv,  p  301;  19,  iv, 

p  424;  WS  28,  p  154;  39,  p  452; 

52,  p  520;  66,  p  174;  85,  p  104 
near  Golconda: 

description Ann  18,  iv,  pp  303-304; 

Bull  131,  p  52;  140,  pp  217-218;  WS 
16,  p  154;  28,  p  146;  38,  p  329;  51,  p 
397;   66,  p  106;  85,  p  98;  100,  p    155 

discharge Ann  18,  iv, 

pp  304-305;  Bull  131,  p  92;  140,  p  218; 
WS  16,  p  154;  28,  p  153;  38,  p  329;  51, 
p  ?11\  66,  p  106;  85,  p  98;  100,  p  155 

discharge,  monthly Ann  18,  iv, 

p  306;  19,  iv,  p  427;  20,  iv,  p  438;  21, 
iv,  p  392;  22,  iv,  p  401;  Bull  140,  p 
220;  WS  75,  p  182;  85,  p  100;  100,  p  157 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights Bull  140,  p  219; 

WS  11,  p74;  16,  p  154;  28, 
p  148;  38,  p  329;  51,  p  398; 
66,  p  107;  85,  p  99;  100,  p  156 

hydrographs Ann  19,  iv,  ]>  129; 

20,  iv,  p  439;  21,  iv,  p  392;  22,  iv,  p  401 
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Humboldt  River,  New— Continued, 
near  Golconda— Continued. 

rating  tables Ann  19,  iv,  p 

427;  WS  28,  p  154;  39,  p  452;  52,  p 
520;  06,  p  175;  85,  p  99;  100,  p  156 
near  Lovelocks,  New: 

canals  diverting  water  from— 

discharge Bull  140,  p  215; 

WS  51,  p  399 
near  Oreana,  Jvev.: 

description Ann  18,  iv,  p  306; 

Bull  140,  p  220;  WS  16,  p  155;  28, 
p  146;  38,  p  330;  51,  p  398;  66, 
p  107;  85,  p  96;  100,  pp  152-153 

discharge Ann  18,  iv,  p  307; 

WS  16,  p  155:  28,  p  153;  38,  p  330;  51, 
p  398;   66,  p  107;  85,  p  97;   100,  p  153 

discbarge,  monthly Ann  18,  iv,  p  308; 

19,  iv,  p428;  20,  iv,  p  439;  21, 
iv,  p  393;  22,  iv,  p  402;  WS 
75,  p  is;!;   85,  p  98;  100,  p  154 

discbarge,  yearly Ann  20,  iv,  p  60 

gage  heights WS  11,  p  75;  16,  p  155; 

28,  p  lis:  38,  !>  330;  51,  p  399; 

66,  p  108;  85,  i»  97;  100,  p  153 

hydrographs.  Ann  is.  iv,p309;  19,  iv,p429; 

20,  iv,  p440;  21,  iv,  p  393; 

22,  iv,  p402;  WS75.  p  L83 

rating  tables Ann  IS,  iv,  p  307; 

19,  iv,  p  428;  WS  28,  p  154;  39.  p  152; 
52,p520;  66,p  L75;  85,p97;  loo.  p  154 
near  Palisade,  New: 

description WS85,  plOO;  100,  p  L57 

discharge ws  100,  p  158 

discharge, monthly ws  bin.  p  159 

gage  heights WS85,  p  LOO;  LOO,  p  L58 

rating  table ws  100,  p  159 

near  I'iti  dam,  New: 

discharge ws  85,  |>  124 

near  Roger  ranch,  New: 

discharge WS  100,  p  226 

Rock  <  'reek  reservoir  on: 

description Ann  is,  iv,  p  723 

Jumboldt  River  basin; 

description Ann  19,  iv,  p  424;  20,  iv,  pp 

434-436;  21,  iv,  p  388;  Bull  1  10,  pp  215  216 
discharge   measurements,    miscellane- 
ous    wssr,,  pp  124-125 

rainfall  and  river  stations: 

map Ann  20,  iv,  p  435 

Humboldt  River  ditches: 
below  Golconda,  New: 

discharge ws  100,  p  248 

between    Battle    Mountain    and    Golconda, 
New: 

discharge ws  100,  p  248 

in  Lovelock  Valley,  New: 

discharge ws  100,  pp245  217 

Humboldt  River,  North  Fork: 
near  Elburz,  New: 

description WS  100,  p  163 

discharge WS  100,  p  1 1, 1 

gage  heights WS  100,  p  164 

near  Halleck,  New: 

description WS  85,  p  105 

gage  heights WS  85,  p  105 


Humboldt  River,  North  Fork— Continued, 
near  Peko,  New: 

description WS  28,  p  145; 

38,  p  325;  51,  p  395 

discharge WS  28,  p  153;  38,  p  325 

discharge,  monthly Ann  20,  iv,  p  436; 

21,  iv,  p  389 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights WS  28,  p  147; 

38,  p326;  51,  p  395 
hydrographs.  Ann  20,  iv,  p  437;  21,  iv,  p  389 

rating  tables WS  28,  p  154;  39,  p  452 

Humboldt  River,  South  Fork: 
near  Mason's  ranch,  New: 

description Ann  18,  iv,  p  311;  WS  16, 

p  156;  28,  p  146;  38    pp  327-328;  51, 
p  396;  66,  p  105;  85,  p  101;  100,  p  161 

discharge Ann  18,  iv,  p  311; 

WS  16,  p  156;  28,  p  153;  38,  p  328;  51, 
p  396;  66,  p  105;  85,  p  102;  100,  p  161 

discharge,  monthly Ann  19,  iv,  p  430; 

20,  iv,  p  440;  21,  iv,  p  391;  22,  iv,  p  400; 
WS  75,  p   182;    85,  p  103;    100,  p   163 

discharge,  yearly Ann  20,  iv,  p  60 

gage  heights. . .  WS  11,  p  76;  16,  p  165;  28, 
pp  148-149;  38,  p  328;  51,  p  397; 
66,  p  106;  85,  p  102;  100,  p  162 

hydrographs Annl9,iv,p430; 

20,iv,p441;  21,  iv,  p  391;  22,  iv,  p  400 

rating  tables Ann  19,  iv,  p  429; 

WS  28,  p  154;  39,  p  452;  52,  p  520; 
66,    p   171;    85,    p    102;    100,  p   162 
Humboldt  River  (Lower)  storage  system: 

described  and  figured..  Ann 20,  iv, pp448-454 
Humidity    and     irrigation,     interrelations 

of Ann  12,  i  i .  p  234 

Hungry  Mother  Creek,  Va.: 

discharge WS49,  p  215 

Hunt  Creek  near— 
Vampa.  Colo.: 

discharge ws  66,  p98 

Huntdale,  N.  C. 

Caney  River  near: 

discharge WS  49,  p213 

Toe  River  near: 

discharge ws  49,  p212 

Hunter  Creek,  New: 
in  Truckee  Meadows: 

discharge WS  100,  p  231 

near  Maj  berry,  New: 

discharge WS  51,  p  405 

Hunting  Creek- 
James  River  basin: 

discharge Ann  19,  iv,  p  170 

Huntingtonville  dam,  near  Watertown,  N.  Y. 
Black  River  at: 

description WS  36,  pp  191-192; 

49,  pp  236-237;  65,  pp  102-103 

discharge WS  49,  p  237;  65,  p  103 

discbarge,  daily WS  49,  237;  65,  p  104 

discharge  flood WS  65,  p  105 

discharge.monthly.  Ann 22, iv,pp 252-253; 
WS  35,  p  24;  65,  pp  104-105 

gage  heights WS  36,  pp  192-193 

bydrograph Ann  22,  iv,  p  253 
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Huron  River,  Mich.: 

at  Geddes  Darn  near  Ann  Arbor,  Mich.: 

discharge WS  49,  p  251 

description WS  49,  pp  '251-252 

in  Lake  Erie  drainage  basin: 

description Ann  18,  iv,  p  468 

Huron  River  basin,  Mich.: 

description Ann  22,  iv,  pp  259-260 

map Ann  22,  iv,  p  259 

Hurricane  Creek  near- 
Dry  Pond,  Ga.: 

discharge WS  49,  p  207 

H usted,  Colo. 

rainfall  data Ann  20,  iv,  pp  326,  327, 330 

Hnston  Flat  reservoir,  Cal.: 

area,  capacity,  etc Ann  19,  iv,  p  627 

Hutchinson,  Kans. 

Arkansas  River  near: 

description Ann  18,  iv,  pp  232-233; 

20,  iv,  p  342-343;  Bull  140,  pp  160-161; 
WS  16,  p  124;  28,  p  109;  37,  p  265; 
50,  p  330;  66,  p  56;  84,  p  120;  99,  p  266 

discharge Ann  18,  iv,  p  233; 

Bull  140,  p  161;  WS  16,  p  124; 
28,  p  116;  37,  p  265;  50,  p  330; 
66,   p  56;  84,  p   121;   99,  p   266 

discharge,  monthly Ann  18,  iv,  p  234; 

19,  iv,  p  361;  20,  iv,  pp  329,  343;  21, 
iv,  p  236;  22,  iv,  p  344;  Bull  140,  p 
162;  WS  75,  p  147;  84,  p  122;  99,  p  267 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights Bull  140,  p  161; 

WS  11,  p  62;  16,  p  124;  28,  p 
114;  37,  p  265;  50,  p  330;  66,  p 
56;   84,  p  121;   99,  pp  266-267 

hydrographs Ann  18,  iv,  p  234; 

19,  iv,  p  361;  20,  iv,  p  343;  21,  iv, 

p  237;  22,  iv,  p  344;  WS  75,  p  148 

rainfall  and  run-off  relation . .  Ann  20,  iv, 

p330 
rainfall  data  ..  Ann  20,  iv,  pp  326,328,330 

rating  tables Ann  18,  iv,  p  234; 

19,  iv,  p  360;  WS  28,  p  117;  39,  p  450; 
52,  p  518;  66,  p  172;  84,  p  122;  99,  p  267 
Huttons  Branch,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  215 

Hyde  ditch,  Colo, 
at  rating  flume: 

discharge WS  99,  p  308 

Hydraulic  formulas WS  65,  pp  95-97 

See  also  Bazin's  formula;  Francis's 
formula;   Kutter's  formula;  Mul- 
lins's  formula. 
Hydro,  Okla. 

Deer  Creek  near: 

discharge WS  99,  p  312 

Hydrographic  investigations 

index  map Ann  20,  iv,  p  19 

Hydrography  of  the  American  Isthmus,  by 

Arthur  P.  Davis. .  Ann  22,  iv,  pp  507-630 
Hydrography  of  the  arid  regions,  by  F.  H. 

Newell Ann  12,  ii,  pp  213-361 

Hydrograpby  of  Nicaragua,  by  Arthur   P. 

Davis Ann  20,  i v,  pp  563-637 


Hyrum,  Utah 

Blacksmith  Fork  near: 

description WS  51,  p  412; 

66,  p  119;  85,  p  84 

discharge WS  51,  p  412; 

66,  pll9;  85,  p  85 

discharge,  monthly Ann  22,  iv,  p  409; 

WS  75,  p  192;  85,  p  86 

gage  heights WS  51,  p  413; 

66,  p  120;  85,  p  85 

hydrograph Ann  22,  iv,  p  410 

rating  tables WS  52,  p  521 ; 

66,  p  176;  85,  p  86 

I. 

Iceland,  Cal. 

Jo  Gray  Creek  near: 

discharge WS  51,  p  405 

Idaho: 

irrigation  surveys  in. . .  Ann  11, ii,  pp  190-200; 

13,  iii,  pp  422-427 
Idaho  canal  in— 

Snake  River  basin: 

discharge Ann  19,  iv,  p  445 

Idaho  Falls,  Idaho. 

rainfall  data Ann  20,  iv,  pp  470,  471, 474 

Snake  River  near: 

description Ann  14,  ii,  p  127; 

Bull  131,  p  64 

discharge Bull  131,  p  64 

discharge,  low-water...  Ann  19,  iv,  p  445 

discharge,  monthly Ann  11,  ii, 

p  106;  12,  ii,  pp  357, 361; 
13,  iii,  p98;  14,  ii,  p  1129 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  61 

gage  heights Bull  131,  p  65 

hydrographs Ann  12,  ii,  p  344; 

14,  ii,  p  128 

rating  table Bull  131,  p  64 

Idaho    Mining   and    Irrigating  Company's 
canal,  near  Boise,  Idaho 
engineering  features..  Ann  13,  iii,  pp  198-203 
Idaho,  southeastern: 

water  resources Ann  22,  iv,  pp  421-430 

Idaho-Utah: 

reservoir  surveys  in...  Ann  13,  iii,  pp  452-458 
Ignacio,  Colo. 

Los  Pinos  River  near: 

description WS  38,  p  309;  50, 

p382;  66,  pp  95-96; 
85,  p  39;  100,  p  59 

discharge Ann  20,  i  v,  p  410; 

WS  38,  p  309;  50,  p  382; 
66,  p  96;  85,  p  40;  100,  p  59 

discharge,  monthly Ann  21,  iv,  p  299; 

22,  iv,  p  393;  WS  75,  p 
176;  85,  p  40;  100,  p  61 

gage  heights WS  28.  p  143;  38,  p  310; 

50,  p  383;  66,  p  96;  85,  p  40;  100,  p  60 

hydrographs Ann  21,  iv,  p  300; 

22,  iv,  p  393 

rating  tables WS  39,  p  452;  52,  p  520; 

66,  p  174;  85,  p  40;  100,  p  60 
I  Hi  lunette  Creek  in — 

Vosemite  Valley,  Cal.: 

discharge WS  100,  p  306 


108 


INDEX    TO    HYDROGRAPHIC    PROGRESS    REPORTS,        [no.  119. 


Illinois,  water  resources  of,  by  Frank  Lev- 

erett Ann  17,  ii,  pp  695-849 

Illinois  River,  111.: 

discharge,  low-water Ann  21,  iv,  p  176 

mar  Beardstown: 

description Ann  21,  iv,  p  176 

discharge Ann  21,  iv,  p  177 

near  Bedford: 

discharge Ann  21,  iv,  p  176 

near  Copperas  Creek: 

discharge Ann  21,  iv,  p  176 

near  Frederick: 

discharge Ann  21,  iv,  p  176 

near  Havana.: 

description Ann  21,  iv,  p  178 

near  Lagrange: 

discharge Ann  21,  iv.  p  176 

near  basalle: 

description...  WS83,pl72;  98,pp202-203 

discharge WS  98,  p  203 

discharge,  monthly WS  98,  p  204 

gage  heights WS  98,  p  203 

rating  table WS  98,  p  204 

near  Minooka: 

description WS  83,  p  174;  98,  p  209 

discharge WS  98,  p  210 

discharge,  monthly WS  9s.  p  211 

gage  heights wsik  p  210 

rating  table WS  98,  p211 

near  Naples: 

discharge Ann  21,  IV,  p  176 

near  <  utawa: 

description WS83,pl72  173; 

98.  pp  '.'in  205 

discharge WS.98,  p  205 

discharge,  monthly WS  98,  p  207 

gage  heights WS'.ts.p  206 

rating  table WS  98,  p  206 

near  l'eoria: 

description Ann  21, iv,  p  176; 

WS  83,  p  172;  98, pp  L99  '-'(in 

discharge Ann  21,  iv, 

p  176;  WS'.ts.  p20i 

discharge,  monthly WS  98,  p  202 

gage  heights WS  98,  pp  200  201 

rating  table WS98,p201 

near  Seneca; 

description WS83,pl73;  98, p  208 

discharge WS98,p208 

gage  heights WS98,pp208  209 

near  Spring  Lake: 

discharge Ann  21,  iv,  p  176 

near  Taylor  Park: 

discharge WS  100,  p  94 

near  Willow   Island: 

discharge Ann  21,  iv,p  176 

I  llinojs  i;i\  er  basin: 

description Ann  18,iv,pp  471-472;  21,  iv, 

pp  171-178;  WS  83, 
P  171;  98,  pp  L98-199 

map Ann  21, iv, p  175 

Imperial,  Nebr. 

rainfall  data Ann  20,  iv,  pp  306, 307, 313 

Imperial  canal  near— 

California-Mexico  boundary  line: 

description WS  100,  pp  27-28 

discharge WS  85,  p  77;  100,  p  28 


Imperial  canal  near — Continued. 
Yuma,  Ariz.: 

description WS  100,  pp  27-28 

discharge WS  100,  p  28 

gage  heights WS  100,  p  29 

Independence,  Cal. 

Division  Creek  near: 

discharge ws  loo,  p  225 

Georges  Creek  near: 

discharge ' WS  100,  p  225 

Independence  Creek  near: 

discharge WS  lot),  p  225 

Moffitt  Creek  near: 

discharge WS  100,  p  225 

Oak  Creek  near: 

discharge ws  1 00,  p  225 

Shepherd  Creek  near: 

discharge WS  I00,p  225 

Independence,  Iowa. 

Wapsipinicon  River  near: 

discharge WS  99,  p  21 

Independence,  Kans. 
Elk  Liver  near: 

1 1  ischarge Ann  19,  iv,  pp  369,  372 

rainfall  data Ann  19,  iv,  p  366 

Verdigris  River  near: 

discharge Ann  19,  iv,  p  369 

Independence,  ( >hio. 

Cuyahoga  River  near: 

description WS  97,  pp  418-419 

discharge WS  97,  p  419 

gage  heights WS  97,  p  119 

Independence  Creek  near — 
Independence,  Cal.: 

discharge ws  100,  p  225 

Overton,  Cal.: 

description ws  85,  p  121;  LOO,  p  197 

discharge WS  85,  p  122;  100,  p  197 

discharge,  monthly ws  100,  p  199 

gage  heights ws  85,  p  122;  100,  p  198 

rating  table WS  100,  p  199 

Index,  Wash. 

South  Fork  Skykomish  River  near: 

description.,  ws  85,  p222;  LOO,  pp  471-472 

discharge WS  85,  p  223;  100,  p  472 

discharge,  monthly WS  100,  p  474 

gage  heights.   WS  85,  p  223;  100,  pp  172-473 

rating  table WS  100,  p  473 

India,  irrigation  in,  by  II.  M.  Wilson Ann  12, 

ii,  pp  363-561 
Indiana,  well  records  in...  Ann  18,  iv,  pp  187-493 
Indiana  and   Ohio,    water  resources  of,  by 

Frank  Leverett.  AnnLH.  iv,  pp  11 9-559 
Indianapolis,  Ind. 

White  Liver,  West  branch,  near: 

discharge WS  98,  p  227 

Indian  Bridge,  Mich. 

Pine  Liver  at  and  near: 

discharge,  low  water WS  83.  p  296 

Indian  Creek,  Cal.,  in— 
Carson  River  basin: 

discharge WS  85,  p  125 

Indian  Creek,  Ga., 
near  Eatonton: 

discharge WS  98  pp  103-104 

Indian  Creek,  Nebr.: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  300;  WS  39,  p  439;  50,  p  311 
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Indian  ('reek,  Pa.: 

description WS  65,  p  289 

discharge,  monthly WS  65,  p  290 

Indian  Creek,  North,  near— 
Erwin,  Tenn.: 

discharge WS  49,  p  213 

Unicoi,  Tenn.: 

discharge WS  49,  p  213 

Indian  Creek,  South,  near— 
Erwin,  Tenn.: 

discharge WS  49,  p  213 

Indian  Lake,  N.  Y. 

Indian  Lake  reservoir  near: 

gage  heights. WS  82,  p  99 

Indian  Lake  dam,  N.  Y. 
Indian  River  near: 

description WS  47.  pp  71-72; 

65,  pp  42-44;  82,  p  98;  97,  p  222 
Indian  Lake  reservoir,  N.  Y. 

description WS  65,  p  43 

gage  heights WS  47,  p  72; 

65,  p  44;  82,  p  99;  97,  p  223 
storage  capacity WS  47,  p  72;  65,  p  45 

Indianola.  Nebr.: 

rainfall  data Ann  20,  iv,  pp  306,  307,  313 

Indian  reservations: 

location  of,  map  showing Ann  22,  iv,  p  43 

Indian  River,  Mich.,  near- 
Indian  River: 

•    discharge,  low  water WS  83,  p  297 

Indian  River,  N.  Y.  near- 
Indian  Lake  dam: 

description WS  47,  pp  71-72; 

65,  pp  42-44;  82,  p  98;  97,  p  222 
Sabael,  N.  Y.: 

discharge WS  47,  p  39 

Instruments  and  methods  of  use Bull  140, 

pp  14-20 
See  also  Methods  of  investigation. 
Interior  drainage  basin: 

description Bull  131,  p  52;  Ann  22, 

iv,  pp  398-399;  WS75,  pp  180-181; 
85,     pp    78-80;     100,    pp    128-130 
Interlaken,  Colo. 
Lake  Creek  near: 

discharge WS  66,  p  55 

discharge,  monthly Ann  22,  iv,  p  339 

Iola,  Colo. 

Gunnison  River  near: 

description WS  50,  p  378; 

00,  p  93;  85,  pp  44-45;  100,  p  85 
discharge WS  50,  p  378; 

66,  p  93;  85,  p  45;  100,  p  85 
discharge,  monthly Ann  22,  iv,  p  390; 

WS  75,  p  175;  85,  p  46;  100,  p  87 

gage  heights WS  50,  p  379; 

66,  p  94;  85,  p  45;  100,  p  86 

hydrograph Ann  22,  iv,  p  390 

rating  tables WS  52,  p  520; 

66,  p  174;  85,  p  46;  100,  p  86 
Iola,  Kans. 

Neosho  River  near: 

description Ann  is,  iv,  p  238;  Bull 

140,  p  163;  WS  hi,  p  126;  28,  p 
110;  37,  p  267;  50,  pp  331-332; 
66,   p  57;  84,   p   115;    99,    p   251 


Iola,  Colo.— Continued. 

Neosho  River  near— Continued. 

discharge Ann  18,  iv,  p  238; 

21,  iv,  p  244;  Bull  110,  p  163;  WS 
16,  p  126;  28,  p  116;  37,  p  267;  50, 
p332;  66,  p  57;  84,  pll5;  99,  p  255 

discharge,  monthly Ann  18,  iv, 

p  240;  19,  iv,  p  362;  20,  iv,  p  347; 
21,  iv,  pp  245-246;  22.  iv,  p  :;iti; 
WS  75,  p  149;  84,  p  116;  99,  p256 

discharge,  yearly  Ann  20,  iv,  p  57 

flood  discharge  computations Ann  21, 

iv,  pp  247-248 

gage  heights....  Bull  140,  p  164;    WS  11, 

p  63;  16,  p  126;  28,  p  115;  37,  p  267; 

50,  p  332;  66,  p  58;  84,  p  115;  99,  p  255 

gage  readings,  summary Ann  21,  iv, 

pp  249-250 

hydrographs Ann  19,  iv,  p  363;  20, 

iv,  p  316;  21,  iv,  p  247;  22,  iv,  p  346 

rainfall  and  run-off  relation Ann  21, 

iv, p  247 

rating  tables Ann  18,  iv.  p  239; 

19,  iv,  p  362;  21,  iv,  p  245;  WS 
28,  p  117;  39,  p  450;  52,  p  518; 
66,   p  172;  84,  p  116;  99,  p  256 

water  powers Ann  21,  iv,  pp  249-253 

Iowa  City,  Iowa. 

Iowa  River  at.    See  Iowa  River. 
Iowa  River  near- 
Iowa  City,  Iowa: 

description WS  99,  pp  24-25 

discharge WS  99,  p  25 

discharge,  monthly WS  99,  p  27 

gage  heights WS  99,  pp  25-26 

rating  table WS  99,  p  26 

Marshalltown,  Iowa: 

description WS  99,  p  27 

discharge WS  99,  p  27 

gage  heights WS  99,  p  28 

Iowa  River  drainage  basin: 

description WS  99,  p  21 

Ipe,  Tenn. 

Mulberry  Creek  near: 

discharge WS  49,  p  217 

Irish-American  ditch,  New 
near  headgates: 

discharge WS  85,  p  12 1 

Iron  Canyon,  Cal. 

Sacramento  River  near: 

description WS  85,  pp  137-138; 

100,  pp  278-279 

discharge WS  m,  p  167; 

85,  p  140;  100,  p  279 

discharge,  monthly WS  85,  p  111; 

100,  p  280 

gage  heights WS  85,  p  140;  100,  p  279 

rating  tables WS  85,  p  141;  100,  p  280 

Iron  Creek  near— 
Glendale,  S.  Dak.: 

discharge WS  49,  p  272 

Iron  Fork  near- 
San  Gabriel  River,  Cal.: 

discharge,  daily WS  51,  p  474 

Iron  Mountain,  Mich. 

Crystal  Lake  outlet  near: 

discharge WS  83,  p  258 
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Iron  Mountain,  Mich.— Continued. 
Menominee  River  near: 

description WS  83,  pp  257-258; 

97,  pp  474-475 

discharge WS  83,  p  258;  97,  p  475 

gage  heights WS  83,  p  258;  97,  p  475 

Iron  River  near- 
Iron  River.  Mich.: 

description WS  97,  p  476 

discharge WS  97,  p  476 

discharge,  daily WS  97,  pp  479-482 

discharge,  monthly WS  97,  p  483 

gage  heights WS  97,  p  477 

rainfall  data WS  97,  p  483 

rating  table WS  97.  p  178 

Riverton  mine,  Mich.: 

description ws  83,  p259 

discharge WS  83,  p  260 

gage  heights WS  S3,  pp  260-262 

slope WS  83,  p  260 

Iron  River  drainage  basin: 

description ws\;.  pp258  259 

pond  and  drainage  areas ws  83,  p  259 

Ironton,  Colo. 

Red  Mountain  Creek  near: 

discharge WS  100,  p  64 

Irrigation: 

effect  of.  on  humidity Ann  12,  ii,  p  234 

extent  and  cost  of.  table  ...   Ann  13,  iii,  p  1  •_'  I 
history  and  legislation.  Ann  13,  iii,  pp  133-151 

in  Bitterroot  River  basin,  Mont Ann  20, 

IV,  pp  492-495 

in  India,  by  II.  M.  Wilson Ann  12,  ii, 

pp  363  56] 

on  Gila  River,  water  storage  for Ann  21, 

iv,  ] >p  358-379 

reservoirs  for,  by  .lames  p.  Schuyler.  Annbs, 

iv,  pp617  710 

water  supply  for.  by  F.  II.  Newell  ..  Ann  13, 

iii,  pp  7-99 
well   boring  and,  in   eastern  South  Da 

kota,  by  N   II.  Darton Ann  18, 

iv.  pi -561-615 
Irrigation  engineering,  American,  by  II.  M. 

Wilson Ann  13,  iii,  pp  101-394 

Irrigation  projects: 

location  of.  map WS  85,  p  12 

Irrigation  surveys,  engineering  results  of,  by 

H.  M.  Wilson..   Ami  13,  iii.  pp  351    127 
organization  of.  report  on.  Ann  10,  ii,  pp  1   :;7 
Irrigation  system  of  the  Great  Plains  Water 
Company  in  the  Arkansas  Valley,  Colo., 

Ann  21,  iv,  pp  240  243 
Isabella,  Cal. 

Kern  River  near: 

discharge WS  100,  p  308 

rainfall  data WS  52,  pp  495,  496; 

66,  pp  168,  169 
South  Fork  Kern  River  near: 

discharge WS  100,  p  308 

Isinglass  River,  N.  H.: 

description Ann  22,  iv,  p  76 

Island  Home,  Ala. 

Elkhatchee  Creek  near: 

discharge . WS  49,  p  210 


Israel  River  near — 

Jefferson  Highlands,  N.  H.: 

description WS  97,  pp  86,  87 

discharge WS  97,  pp  86,  88 

gage  heights WS  97,  pp  87,  88 

Isthmian  canal  routes: 

hydrography  of Ann  20,  iv,  pp  587-592; 

22,  iv,  pp  507-630 
Itchatuknee  Spring  near- 
Fort  White,  Fla.: 

discharge WS  27,  p  45 

Ives,  Nebr. 

Republican  River  near: 

discharge Ann  18,  iv,  p  206; 

20,  iv,  p  302;  WS  84,  p  112 
Rock  Creek  near: 

discharge WS  84,  p  113 

Ivy  Log,  Ga. 

Ivy  Log  Creek  near: 

discharge WS  49,  p  219 

Moccasin  Creek  near: 

discharge WS  49,  p  217 

Ivy  Log  Creek  near- 
Ivy  Log,  Ga.: 

discharge WS  49,  p  219 

Ivy  River,  Big,  N.  C,  in- 
French  Broad  River  basin: 

discharge WS  49,  p  212 

J. 

Jacinto,  Cal. 

rainfall  data WS  52,  pp  495,  196 

.lack  Creek.  N.  C,  in— 

Nolichucky  River  basin: 

discharge ws  19,  p  213 

Jackson,  Colo. 

Little  Cimarron  River  near: 

discharge WS  100,  p  94 

Jackson,  M  iss. 

Pearl  River  near: 

description WS  65,  p  286; 

83,  p  164;  98,  p  170 
discharge,  ws  65,  p2.s<;;  83,  p  165;  98,  p  171 

discharge,  monthly WS  98,  p  172 

gage  heights ws  65,  p  287; 

83,  p  165;  98,  p  171 

rating  table WS  98,  p  172 

Jackson  Creek  in— 

Kern  River  basin,  Cal.: 

discharge WS  100,  p  307 

Jacksons  River  at — 

head  of  James  River,  Va.: 

discharge Ann  P.),  iv,  p  170 

.Tacks  Reef  Bridge,  N.  Y. 
Seneca  River  near: 

discharge WS  65,  p  129 

Jacks  River  near — 
Alaculsy,  Ga.: 

discharge WS  49,  p  209 

Jacks  Valley  Creek  in— 
Carson  River  basin: 

discharge WS  85,  p  126;  100,  p  228 

Jacobs  Creek,  Tenn.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  215 
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Jalapa,  Tenn. 

Conasauga  l  reek  near: 

discharge WS  49,  p  218 

James  canal,  Colo.,  near— 
rating  flume: 

discharge WS  99,  p  308 

James  Canyon  Creek  in — 
Carson  River  basin: 

discharge WS  85,  p  126 

James  River  and  Kanawha  Canal.Company : 

dams  of,  on  James  River.  Ann  19,  iv,  pp  164-170 
James  River,  N.  Dak.,  near — 
Lamoure: 

description WS  99,  p  45 

discharge WS  99,  p  45 

gage  heights WS  99,  p  45 

James  River,  Va.: 

near  Buchanan,  Va.: 

description Ann  18,  iv,  p  39; 

Bull  140,  p  63;  WS  15,  p  24; 
27,  p  10;  35,  p  97;  48,  p  128;  65, 
p  236;  82,  pp  186-187;  97,  p  336 

discharge Ann  18,  iv,  p  39; 

Bull  140,  p  64;  WS  15,  p  24; 
27,  p  24;  35,  p  97;  48,  p  128; 
65,  p  236;  82,  p  187;  97,  p  337 

discharge,  monthly Ann  18,  iv,  p  41; 

19,  iv,  p  172;  20,  iv,  pp  134,136; 
21,  iv,  p  108;  22,  iv,  p  146;  WS 
75,  pp  43,  49;  82,  p  188;  97,  p  338 

discharge,  yearly Ann  20,  iv,  p  49 

gage  heights „  Bull  140,  p  64; 

WS  U,  p  12;  15,  p  24;  27,  p  23;  35,  p  98 
48,  p  128;  65,  p  237;  82,  p  187;  97,  p  337 

hydrographs Ann  18,  iv,  p  41; 

19,  iv,  pl74;  20,  iv,  p  136; 
21,  iv,  p  109;  22,  iv,  p  147 

rainfall  and  run-off  relation WS  75, 

p50 

rating  tables Ann  18,  iv,  p  40; 

19,   iv,  p  172;  WS  39,   p  443;    52, 
p  512;  65,  p  319;  82,  p  188;  97,  p  338 
near  Cartersville,  Va.: 

description WS  35,  pp  98-99; 

48,  p  128;  65,  p  238;  82, 
p   189;    97,   pp  328-329 

discharge Ann  19,  iv,  p  171; 

WS  35,  p  99;  48,  p  129;  65, 

p  238;  82,  p  190;  97,  p  329 

discharge,  monthly..  Ann  22,  iv,  pp  1  17- 

148;  WS75,  pp43,  49; 

82,  p  191 ;   97,  p  331 

gage  heights WS  35,  p  99; 

48,  p  129;  65,  p  238; 
82,  p  190;  97,  p  330 

hydrographs Ann  22,  iv,  p  149; 

WS  75,  p  44 

rainfall  and  run-off  relation WS  75, 

p50 

rating  tables WS  52,  p  512; 

65,  p319;  82,  pl91;  97,  p  331 
near  Glasgow,  Va.: 

discharge Ann  19,  iv,  p  170 

near  head: 

discharge Ann  19,  iv,  p  170 


James  River,  Va.— Continued, 
near  Holcomb  Rock,  Va.: 

description WS  48,  p  129;  65,  p  237; 

82,    p    192;     97,    p  332 

gage  heights WS  48,  p  130;  65,  p  237; 

82,    p    192:    97,    p    332 
profile  of,  from  Richmond  to  Clifton  Forge, 

Va Ann  19,  iv,  p  162 

James  River  basin,  Va.: 

description Ann  19,  iv,  pp  162-169; 

21,iv,pl08;  22,iv,pl45; 
Bull  140,  p  61;  WS  75, 
p  41;  82,  p  184;  97,  p  324 

rainfall  data Ann  20,  iv,  pp  132- 

133,134;  WS  75,  p  45 
rainfall  and  river  stations: 

map Ann  20,  iv,  p  132;  WS  75,  p  42 

rainfall  and  run-off  relation.  Ann  20,  iv,pl34; 

WS  75,  p  50 
Jamestown,  N.  Y. 

Chautauqua  Lake  outlet  at: 

discharge WS  98,  p  242 

Jarrett  Creek  near— 
Oldfort,  N.  C: 

discharge WS  49,  p  204 

Jefferson  Creek  near- 
Jefferson,  Colo.: 

discharge WS  84,  p  94 

Jefferson  Highlands,  N.  H. 
Israel  River  near: 

description WS  97,  pp  86, 87 

discharge WS  97,  pp  86, 88 

gage  heights WS  97,  pp  87, 88 

Jefferson  River,  Mont. 

description Ann  20,  iv,  pp 

237-238;  21,  iv,  p  187 

discharge Ann  11,  ii,  p  41;  13,  iii,  p  38 

near  Sappington: 

description Ann  18,  iv,  pp  134-135; 

19,  iv,  p  281;  Bull  131,  p  22;  140,  pp  92-93; 
WS  15,  pp  70-71;  27,  p  68;  37,  pp  206-207; 
49,  p  264;  66,  p  19;   84,  pp  47-48;   99,  p  133 

discharge Ann  18,  iv,  p  135; 

Bull  131,  pp  22,  92;  140,  p  93;  WS 
15,  p  71;  27,  pp  74-75;  37,  p  207;  49, 
p  264,66,  p  20;  84,  p  48;  99,  p  133 

discharge,  monthly Ann  18,  iv,  p  136; 

19,  iv,  p  282;  20,  iv,  pp  234, 
238;  22,  iv,  p  285;  WS  75,  pp 
117, 120;  84,  p  49;  99,  p  135 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights. . . .  WS  11,  p  49;  15,  p  71 ;  27, 
p71;  37,  p207;  49,  p  264; 
66,  p  20;  84,  p  48;  99,  p  134 

hydrographs Ann  19,  iv,  p  283; 

20,  iv,  p  238;  22,  iv,  pp 
286,  287;  WS  75,  p  120 

rainfall  and  run-off  relation Ann  20, 

iv,  p  235;  WS  75,  p  118 

rating  tables Ann  18,  iv,  p  135;  19,  iv, 

p  282;  WS  27,  p  75;  52,  p  516; 
66,  p  170;  84,  p  48;  99,  p  134 
near  Three  Forks,  Mont.: 

discharge Ann  11,  ii,  p  107; 

20,  iv,  p  244;  Bull  131,  p  90 
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Jefferson  River,  Mont.— Continued. 
near  Willow  Creek,  Mont.: 

discharge Ann  11,  ii,  p  107 

Jefferson  River  basin: 

description Ann  11,  ii,  pp  JO  11; 

18,  iv.  p  134:  19,  iv,  p281; 

irrigation  surveys  in Ann  13,  iii,  pp  49-53 

seepage  and  evaporation  in Ann  13, 

iii,  pp  51-52 
Jellys  Ferry,  Cal. 

Sacramento  River  near: 

cross  section Ann  18,  iv,  p  367 

description Ann  IS,  iv,  pp  365-367; 

Bull  1  10.  pp  250-252;  WS  16,  p 
185;  28,  pi 77;  38,  pp 387-388  ;51, 
P  150;  85,  pp  137-138;  100,  p  278 

discharp:.' Ann  18,  iv.  p  367:  Bull  140, 

1-  252;  WS  16,  p  185;  28,  p  185; 
38,  p  388;   51,  p   150;    M,  p  143 

discharge,  low  water Ann20,iv, 

p526;  22,iv,p495;  WS  28, 
p  L93;  39,  p  132;  .".1.  p   180 

discharge,  monthly Ann  18,  iv,p  369; 

19,  iv,  j)  509;  20,  iv,  p  527;  21,  iv.  p  1 16 
22,  iv,  p  462;  WS  75,  p  210;   85,  p  139 

discharge,  yearly Ann  20,  iv.  p  68 

gage  heights Bull  1 40,  p  254 ;  WS  11, 

p89;  16.  p  186;  28,  p  182;  38,  p 
389;  51,  p451;  66,  p  1 13;  85,  p  L38 

hydrographs Ann  18,  iv,  p  369; 

19,  iv,  p  510;  20,  iv,  p  527;  21,  iv,  p  447 

rating  tables Ann  18,  iv,  p  368; 

19,  iv.  p  509;  WS  28,  p  186;  39,  p 
155;  52,  p  5^:;:  66,  p  177:  85,  p  L39 
Jemez  River,  X.  Mex.: 

description Ann  12,  ii.  pp  271-275 

discharge Ann  11,  ii,  p  107 

Jenifer,  Ala.— 

ChoCCOloCCO  Creek  near: 

description ws  98,  pin 

discharge ws  98,  p  l  15 

discharge,  monthly ws  98,  p  146 

gage  heights WS  98,  p  1 16 

rating  table WS98,  p  1 15 

Jennies  Creek,  Ga.,  near— 
Pleasanl  Retreat: 

discharge ws  49,  p  208 

Jennings  creek  in— 
.lames  River  basin: 

discharge Ann  19,  iv.  p  176 

Jensen,  Utah. 

Green  River  near: 

description ws  100,  pp  123-124 

discharge ws  too,  p  124 

gage  heights WS  100,  p  124 

Jim  Creek,  Nebr.: 

discharge Ann  20,  iv,  p  300 

Jim  Scott  Branch  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  214 

J.  J.  Ranch. 

Purgatory  River  near: 

description WS  28,  p  1C8 

discharge WS  28,  p  1 1  •'• 

gage  heights WS  28,  p  113 


Joe  Grey  Creek,  Cal.,  near- 
Cuba: 

discharge Ann  11,  ii,  pp  65,  108 

Iceland: 

discharge WS  51 ,  p  105 

John  Days  River,  Wyo. 
near  mouth: 

discharge WS  100,  p  461 

John  River  near— 
Morganton,  N.  C: 

description WS  48,  p  142-143; 

65,  p  247:  83,  p  77 

discharge WS  48,  p  143.  65,  p  2 17; 

83,  p  77;  98,  p  55 

discharge,  monthly WS  83,  p80 

gage  heights WS  48,  p  1 43; 

65,  p  247;  83,  p  78-79 

rainfall  data WS  83,  p  80 

rating  table WS83,  p  79 

Johns  Camp,  Cal. 

McCloud  River  near: 

gage  heights ws  100,  p  278 

Johnson,  Willard   D.,    paper  by,  on   "The  High 
Plainsand  then-utilization"..  Ann 21, 
iv.  pp  601-741:  22,  iv,  pp  630-669 
Johnson  City,  Tenn. 

elevations  near Ann  22,  iv,  p  235 

springs  near: 

analyses  of  water Ann  22,  iv,  p  234 

discharge Ann  22,  iv,  pp  231-234 

water  supply  for Ami  22,  iv,  pp  231-235 

Johnson  Creek  near- 
Riverside,  Wash.: 

description WS  100,  p  392 

discharge,  monthly WS  100,  p  394 

gage  heights ws  loo,  p  393 

rating  table ws  100,  p  398 

Johnson  Fork  near— 
Segovia,  Tex.: 

discharge WS  84,  p  151 

Johnsons  Fork,  Tex.: 

discharge WS  84,  p  157 

Johnson's  (J.  A.  i  spring  near- 
Pi  nelog,  Ga.: 

discharge WS  36,  p  147 

Johns  River  near— 
Collettsville,  N.  ('.: 

discharge ws  49,  p  205 

Johnston  Brook  near— 
Deerrield,  X.  Y.: 

description WS  97,  p  212 

discharge,  daily WS  97,  p2T2 

discharge,  monthly ws  97,  p212 

Johnstown,  Nebr. 
Plum  Creek  near: 

discharge WS  27,  p  88 

Johnstown,  N.  Y. 

Cayadutta  Creek  near: 

description  ....  WS  35,  pp  53-54;  47,  p  58; 

65,  pp  166-167 

discharge,  daily.  WS  35,  p  54;  47  pp  59-60 

discharge,  monthly Ann  22,  iv,  p  98; 

WS  35,  p  24 

hydrographs Ann  21,  iv,  p  69; 

22,  iv,  p  99 
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Jolon,  Cal. 

San  Antonio  creek  near: 

description WS  66,  p  154 

discharge WS  66,  p  154 

discharge,  monthly WS  75,  p  220 

gage  heights WS  66,  p  155 

rating  table WS  66,  p  178 

Jonah  Creek,  Tenn.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  215 

Jonathan  Creek,  Ohio,  near- 
Powells: 

description  . WS  83,  p  181 ;  98,  p  228 

discharge WS  83,  p  181;  98,  p  228 

gage  heights WS  83,  p  181;  98,  p  228 

Tones  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  171 

Jordan,  N.  Y. 

Skaneateles  Lake  outlet  near: 

discharge,  daily WS  65,  pp  121-122 

discharge,  monthly WS  65,  p  126 

Jordan  River,  Utah: 

description Ann  21,  iv,  pp  400-403; 

WS  38,  pp  342-343 
profile;     from    Utah     Lake    to    Salt    Lake 

City Ann  21,  iv,  p  402 

Joseph,  Utah. 

Sevier  River  near: 

discharge Ann  11,  ii,  p  109 

discharge,  yearly Ann  20,  iv,  p  61 

Joshua  Creek  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  170 

Judith  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  170 

Judith  River  basin,  Mont.: 

irrigation  surveys Ann  13,  iii,  pp  60-62 

Judson,  N.  C. 

Little  Tennessee  River  near- 
description  Ann  18,  iv,  pp  117-118; 

"WS  15,  p  62;  27,  p  59;  36,  p  168;  48,  p 
189;  65,  p  305;  83,  p  216;  98,  pp  270-271 

discharge Ann  18,  iv,  p  118; 

Bull  140,  p  82;  WS  15,  p  62; 
27  p  65;  36,  p  168;  48,  p  189; 
65,  p  305;  83,  p  216;  98,  p  271 

discharge,  monthly Ann  20,  iv,  p  207; 

21,  iv,  p  163;  22,  iv, 
p  224;  WS  75,  p  105; 
83,  p  218;    98,  p  272 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights WS  11,  p  42;  15,  p  62; 

27,p63;  36,  p  169;  48,  p  190; 
65,  p  306;  83,  p217;  98,  p  271 

hydrographs Ann  20,  iv,  p  208; 

21,  iv,  p  164;  WS  75,  p  105 

rating  tables WO  27,  p  66; 

39,  p  446;    52,  p  515;  65, 
p324;  83,  p  217;  98,  p  272 
rule  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  171 

Julesburg,  Colo. 

rainfall  data Ann  13,  iii,  p  77 


Julesburg,  Colo.— Continued. 
South  Platte  River  near: 

description WS  49,  p  283; 

84,  pp  73-74;  99,  p  179 

discharge Ann  20,  iv,  p  302; 

-      Bull  140,  p  114;  WS  49,  p 

283;   84,   p  74;   99,  p  180 

discharge,  monthly.  WS  84,  p  75;  99,  p  181 

gage  heights WS  84,  p  74;  99,  p  180 

rating  tables WS  84,  p  75;  99,  p  181 

Julians,  Cal. 

rainfall  data WS  G6,  pp  168, 169 

Juliet,  Fla. 

Blue  Spring  at: 

discharge WS  27,  p  45 

Juliette,  Ga. 

Towaliga  River  near: 

description WS  36,  p  136; 

48,  p  154;  65,  p  263 

discharge WS  36,  p  136; 

48,  p  154;  65,  p  264 

discharge,  monthly Ann  22,  iv,  p  166; 

WS  75,  p  75 

gage  heights WS  36,  p  136; 

48,  p  155;  65,  p  264 

hydrograph Ann  22,  iv,  p  166 

rating  tables WS  52,  p  513;  65,  p  321 

Junction  City,  Kans. 

Republican  River  near: 

description Ann  18,  iv,  p  203; 

Bull  140,  pp  136-137;  WS  16,  p 
109;  27,p90;  37,  p  248;  50,  p  313; 
66,  p  43;   84,  p  100;   99,  p  214 

discharge Ann  18,  iv,  p  204; 

Bull  140,  p  137;  WS  16,  p  109; 
27,  p  95;  37,  p  248;  50,  p  313; 
66,  p  43;   84,  p  100;  99,  p  214 

discharge,  monthly Ann  18,  iv,  p  205; 

19,  iv,  p  340;  20,  iv,  pp  312, 
318;  21,  iv,  p  221;  22,  iv,  p 
333;  Bull  140,  p  138;  WS  75, 
p  141;  84,  p  102;  99,  p  216 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  137;  WS  11,  p 

57;  16,  p  109;  27,  p  92;  37,  p  249;  50, 
p  314;  66,  p  43;   84,  p  101;  99,  p  215 

hydrographs Ann  18,  iv,  p  204; 

19,  iv,  p  340;  20,  iv,  p  318;  21,  iv, 
p  221;  22,  iv,  p  333;  WS  75,  p  141 

rainfall  and  run-off  relation Ann  20, 

iv,  p313 

rating  tables Ann  18,  iv,  p  205;  19, 

iv,p339;  WS27,  p  96;  39,  p  449;  52, 
p  517;  66,  p  171;  84,  p  101;  99,  p  215 
Junction  City,  Tex. 

South  Llano  River  near: 

discharge WS  84,  p  15 

Junction  House,  Cal. 

Little  Walker  Creek  near: 

discharge Ann  18,  iv,  p  417 

Juniata  River  near- 
Newport,  Pa.: 

description  . . .  WS  35,  pp  79-80;  48,  p  112; 
65,  p  226;  82,  p  160;  97,  pp  276-277 

discharge WS  35,  p  80;  48,  p  112; 

65,  p  226;  82,  p  160,  97,  p  277 
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Juniata  River  near— Continued. 
Newport,  Pa.— Continued. 

discharge,  monthly Ann  21,  iv,  p  91; 

22,  iv,  p  128;  WS  75,  p 
31 :  82,  p  162;  97,  p  279 

gage  heights WS  35,  p  80;  48,  p  113; 

65,  p226;  82,  p  161;  97,  p277 

hydrographs Ann  21,  iv,  p  91; 

22,  iv,  p 128 

rating  tables WS  39,  p  442;  52,  p  511; 

65,  p  31S;  82,  p  162;  97,  p  278 
See  also  WS  109. 
Juniper  Creek  near— 
Burkhalter,  Cal.: 

discharge WS  51,  p  405 

Clinton,  Cal.: 

discharge Ann  11,  ii,  pp  65,  108 


Kachess  Lake,  Wash, 

discharge Ann  14,  ii,  p  133:  Bull  131,  p90 

Kachess  Kiver  near- 
Lake  Kachess,  Wash.: 

description WS  loo,  pp  385  386 

discharge WS  100,  p  386 

gage  heights WS  loo.  p386 

Kalamazoo  River,  Mich.: 

description WS  49,  pp  267  259 

near  Albion,  Mich.: 

discharge WS  '.»7,  p  158 

near  Allegan,  Mich.: 

description ws  s:;.  pp267  268; 

97.  pp  157   159 

discharge ws  97,  p  158 

discharge  daily WS83,pp269  270; 

97.  p   I.V.i 

discharge,  Hood ws  S3,  pp  268  269 

discharge,  monthly ws  83,  p  271 : 

97,  p  160 
near  Kalamazoo.  Mich.: 

gage  heights ws  49.  p259 

Kalamazoo  River  basin: 

description wsw,  pp  266  267 

drainage  areas Ann  22,  iv,  p  267 

map Ann  22,  i  v,  p  266 

water  powers Ann  22,  iv,  pp267  268; 

WS  49,  p  258 
Kalamazoo  River,  North  Branch  of.  near- 
Bath  Mills,  Mich.: 

discharge ws  97,  p  158 

Kalamazoo  River,  South  Branch  of,  near — 
Condit,  Mich.: 

discharge ws  97  p  158 

Kalowa  [Calowa]  River,  Wash. 

description Ann  21,  iv,  p  441 

discharge Ann  19,  iv,  p  504 

near  Forks,  Wash.: 

description WS  16,  p  184;  28,  p  171; 

38,  p386;  51,  p  148;  66,  p  140 

discharge WS  16,  p  184;  28,  p  176; 

38,  p386;  51,  p  448;  66,  p  140 

discharge,  monthly Ann  20,  iv,  p  522; 

21,  iv,  p441;  22,  iv, 
p  460;  WS  75,  p  208 

gage  heights ws  16,  p  184:  28,  p  175; 

38,  p  386;  51,  p  449;  66,  p  141 


Kalawa  [Calowa]  River,  Wash.— Continued, 
near  Forks,  Wash. — Continued. 

hydrographs Ann  20,  iv,  p  522; 

21,  iv,  p  142;  22,  iv.  p  WO 

rating  tables WS  28,  p  1 7('<; 

39,  p  455;  52,  p  523;  Of,,  p  177 
Kalkaskia,  Mich. 

Boardman  River  near: 

discharge WS  97,  p  439 

Kamia,  Wash. 

Clearwater  River  near: 

discharge Ann  19,  iv,  p  460 

Kampeska  Lake,  S.  Dak.: 

description Ann  22,  iv,  pp  300-301 

map Ann  22,  i  v ,  1 1  :;01 

water  storage  possibilities Ann  22,  iv, 

pp  301-303 
Kanawha  River  drainage  basin: 

description WS  83,  p  185;  98,  pp  246-247 

rainfall  and  river  stations,  map Ann  20, 

iv,  j»  200 

rainfall  data Ann  20,  iv,  pp  199-202 

See  New  River. 
Kankakee  River  in — 

Illinois  drainage  basin: 

description Ann  IS,  iv,  pp  471-472 

Kansas  River  near — 
Lawrence,  Kans. : 

description Ann  18,  iv,  p  219-220; 

19.  iv,  p  319;  20,  iv,  p 320;  Bull  140,  pp 
1  15  1 17;  WS  10,  pll6;  27,  p  90;  37,  p  25 1] 

discharge Ann  is,  iv,  p220J 

Bull  140,  p  147;  WS16,  p  116;  27,  p  95 
discharge,  monthly.  Ann  18,  iv,  p  222;  19, 
iv,  p  350;  20,  iv,  pp  312, j 
322;  Bull  140,  pp  151-153] 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights Bull  140,  pp  148-151; 

WS   11,    1 ,  00;    10,   p 
110:27,  p 9 1;  37,  | .255 

hydrographs Ann  18,  iv,  p  223; 

19,  iv,  p350;  20.  iv,  p  322 

rainfall  and  run-off  relation Ann  20, 

iv,  p313 

rating  tables Ann  IS,  iv,  p  221; 

19,  iv,  p  319;  Bull  140,  p  147;  WS  27,  p  96 

water  of,  analyses Ann  20,  iv,  p  321 J 

Lecompton,  Kans.: 

description Ann  18,  iv,  pp  218-219; 

WS  37,  p  253;  50,  p  318; 
66,  p  46;  84,  p  95;  99,  p  2081 

discharge WS  27,  p  95; 

37,  p253;  50,  p  318;  66, I 
p  46;  84,  p  96;  99,  p  209 

discharge,  monthly Ann  21,  iv,  p  228; ] 

22,  iv,  p  338;  WS  75,  p 
144;  84,  p  97;  99,  p  211 

gage  heights ws  11,  p  59; 

37,  p254;  50,  p319:  00, 
p  47;  84,  p  96;  99,  p  209 

hydrographs Ann  21,  iv,  p  229;  J 

22,  iv,  p338;  WS  75,  p  144 

rating  tables WS  39,  p  449;  I 

52,  p  518;  66,  p  172;  84,  p  97;  99,  p  210 
Topeka,  Kans.: 

discharge WS  99,  p  233 
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Kansas  River  basin: 

altitudes  in Bull  140,  p  124 

description Ann  18,  iv,  p  194;  18,  iv, 

p  215;  19,  iv,  pp  337-338;  20,  iv,  pp 
304-305;  21,  iv,  p  228;  22,  iv,  p  331; 
Bull  131,  pp  32-33;  140,  pp  123-125; 
WS  75,  p  140;   84,  p  95;   99,  p  208 

drainage  areas Bull  140,  p  1 24 

rainfall  and  river  stations,  map Ann  20, 

iv,  p  305 

rainfall  and  run-off  relation Ann  20,  iv, 

p313 

rainfall  data Ann  20,  iv,  pp  305-313 

See  also  WS  74. 
Kansas,  western: 

subirrigation  in Ann  21,  iv,  p  222 

Kathwood,  S.  C. 

Hollow  Creek  at: 

discharge WS  49,  p  207 

Kaweah  River,  Cal.: 

description Ann  12,  ii,  p  320; 

Bull  140,  pp  279-282 

discharge WS  66,  p  167;  85,  p  161 

discharge,  low- water Ann  20,  iv,  p  526; 

22,  iv,  p  497;  WS  28, 
pl93;39,p433;51,p482 
near  Wachumna  Hill,  Cal.: 

discharge,  yearly Bull  140,  pp  311,  312 

near  Three  Rivers,  Cal.: 

description WS  100,  p  297 

discharge,  monthly WS  100,  p  299 

gage  heights WS  100,  p  298 

rating  table WS  100,  p  298 

Kaweah  River,  East  Fork  of,  Cal.: 

discharge WS  85,  p  161 ;  100,  p  308 

Kaweah  River,  North  Fork  of,  Cal.: 

discharge WS  85,  p  161;  100,  p  308 

discharge,  low-water Ann  22,  iv,  p  497 

Kaweah  River,  Marble  Fork  of,  in— 
Sequoia  Park,  Cal.: 

discharge WS  100,  p  308 

Kaweah  River,  Middle  Fork  of,  Cal.: 

discharge WS  ,s.r),  p  161 

Kaweah  River,  South  Fork  of,  Cal.: 

discharge WS  85,  p  161 

discharge,  low-water Ann  22,  iv,  p  497 

Kaw  River.    See  Kansas. 
Kearney,  Nebr. 

ground  water  at: 

description Ann  21,  iv,  pp  216-217 

Platte  River  near: 

discharge Ann  18,  iv,  p  193; 

WS  84,  p  92 
rainfall  data. . .  Ann  20,  iv,  pp  257, 260, 265 

seepage  and  evaporation  near Ann  19, 

iv,  pp  336-337;  Bull  140,  p  349 
Kearney  canal,  Nebr.: 

seepage  measurements. . .  Bull  140,  pp  348-349 
Kearney,  Wyo. 

Piney  Creek  near: 

description WS  84,  p  21;  99,  p  77 

discharge WS  84,  p  21;  99,  pp  77-78 

discharge,  monthly WS  99,  p  79 

gage  heights WS  84,  p  21;  99,  p  78 

rating  table WS  99,  p  79 


Keese  ditch  near— 
Prowers,  Colo.: 

discharge WS  99,  p  281 

discharge,  monthly WS  99,  p  282 

gage  heights WS  99,  p  281 

rating  table WS  99,  p  281 

Kells  Creek  in— 

Coosawattee  River  basin: 

discharge WS  49,  p  209 

Kelton,  Utah: 

rainfall  data Ann  20,  iv,  pp  454, 456,  458 

Kennebec  River  near— 
(The)  Forks,  Me.: 

description WS  65,  p  16; 

82,  pp  26-27;  97,  p  43 

discharge WS  65,  p  16; 

82,  p  27;  97,  p  43 

discharge,  monthly WS  82,  p  28; 

97,  p  45 

gage  heights WS  65,  p  16;  82,  p  27; 

97,  p  44 

rating  tables WS  82,  p  28;  97,  p  45 

North  Anson,  Me.: 

description WS  65,  pp  16-17; 

82,  pp  28-29;  97,  pp  45-46 

discharge WS  65,  p  17;  82,  p  29; 

97,  p  46 

discharge,  monthly WS  97,  p  48 

gage  heights WS  65,  p  17;  82,  p  29; 

97,  p  47 

rating  table WS  97,  p  47 

Waterville,  Me.: 

description Ann  20,  iv,  pp  64-65; 

WS  27,  p  9;  35,  p  25;  47,  p 
29;  82,  p  30;  97,  pp  48-49 

discharge Ann  19,  iv,  p  72 

discharge,  daily WS    27,   pp  11-14; 

35,   p  26;  47,   p  30; 

82,  pp  30-31;  97,  p49 

discharge,  monthly..  Ann  19,  iv,  pp 75-78; 

20,  iv,  p  65;  21,  iv,  p  52;  22 

iv,  p  57;   WS  82,  pp  31-32 

discharge,  yearly Ann  20,  i  v,  p  46 

hydrographs Ann  19,  iv,  pp  72,  73,  74; 

20,  iv,  p  65;  21,  iv, 
p  53;    22,  iv,  p  58 

rainfall  and  run-off  relation Ann  19, 

iv,  p  74 
Kennebec  River  basin,  Me.: 

description Ann  19,  iv,  pp  65,  78-80; 

21,  iv,  pp  51-52;  WS  82, 
pp  25-26;    97,  pp  41-42 

drainage  areas Ann  19,  iv,  p  66 

elevations Ann  19,  i v,  p  66 

map Ann  21,  iv,  p  51 

tributary  lakes Ann  19,  iv,  pp  67-68 

water  powers Ann  19,  iv,  pp  68-70 

See  also  "WS  69,  pp  38-70. 
Kennedy,  Nebr. 

Snake  River  near: 

discharge Ann  19,  iv,  p  300 

Kennedy  Creek,  Mont. 

in  St.  Mary  River  basin: 

discharge WS  66,  p  15 

near  Wetzel: 

description WS  100,  pp  482-483 

discharge WS  100,  p  483 
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Kennewick,  Wash. 

rainfall  data Ann  20,  iv,  pp  497,  498,  500 

Kensington,  Md. 

meter-rating  station  near: 

description Bull  140,  pp  331-332 

Kent,  Conn. 

Housatonic  River  near: 

discharge WS  65,  p  90 

Kenton,  Ohio. 

rainfall  data WS  75,  pill 

Scioto  River  near: 

discharge,  low  water Ann  20,  iv, 

pp  214-215 
Kentucky  Fork  of  North  Toe  River,  N.  C: 

discharge , WS  49,  p  212 

Kenwood,  N.  Y. 

Oneida  Creek  near: 

description WS  36,  p  186; 

49,  p  225;  65,  pp  110 

discharge WS  47,  p  39; 

19.  p  225;  65,  p  111 

discharge,  daily WS  36,  p  186; 

49,  pp  226-227 

discharge,  flood WS  65,  p  111 

discharge,  monthly Ann  22,  iv,  p  246; 

WS36,  p24;  65,  pill 

hydrograph Ann  22,  iv,  p247 

Keosauqua,  Iowa. 

Des  Moines  River  near: 

description WS  99,  p  29 

discharge.,  WS  99,  p  29 

discharge,  monthly WS  99,  p  31 

gage  heights WS  99,  p  30 

ratingtable WS  99,  p  30 

Kern  River,  Cal. 

description Ann  20,  iv,  pp  536-537; 

21,  iv,  p  469;  Bull  140,  pp  267-274. 

discharge,  low-water WS  28,  p  196 

discharge,  miscellaneous WS  85,  p  162 

discharge,  yearly Bull  140,  p  272 

near  Bakerstield,  Cal.     [First  point  of  meas- 
urement]: 
description Ann  12,  ii,  p  319; 

18,  iv,  pp  395-396;  19,  iv,  p 
523;  20,  iv,  p  537;  Bull  131,  pp 
79-80;  140,  pp  269-271;  WS  28, 
p  181;  39,  p  405;  51,  p  462;  66, 
p  158;    85,   p  154;    100,  p  302 

discharge Bull  131,  p  80;  WS  66,  p  167 

discharge,  daily WS  39,  pp  406-407; 

51,  p  463;  66,  p  159; 

85,  p  154;  100,  p  302 

discharge,  low- water. . .  Ann  22,  iv,  p  497; 

WS  39,  p  433;  51,  p  482 

discharge,  monthly Ann  18,  iv,  p  397; 

19,  iv,  p  524;  20,  iv,  p  538;  21, 
iv,  p  469;  22,  iv,  p  468;  Bull 
140,  p  271;  WS  66,  p  159;  75,  p 
218;    85,     p    155;     100,    p    303 

discharge,  yearly '.  Ann  20,  iv,  p  64 

hydrographs Ann  18,  iv,  p  398; 

20,  iv,  p  538;  WS  75,  p  219 

near  Isabella,  Cal.: 

discharge WS  100,  p  308 

near  Rio  Bravo  ranch,  Cal.: 

description Bull  140,  pp  268-269 

discharge,  yearly Bull  140,  pp  311,  312 

hydrograph Ann  12,  ii,  p  310 


Kern  River,  Cal.— Continued, 
power  plants  on: 

description Ann  19,  iv,  pp  524-526 

Kern  River  basin,  Cal.: 

discharge WS  51 ,  pp  461-462 

ditches  in: 

discharge WS  100,  p  308 

Kern  River,  North  Fork  of,  Cal. 

discharge WS  28,  p  185; 

85,  p  162;  100,  pp  307,  308 
near  mouth  of  Tobias  Creek,  Cal.: 

discharge,  daily WS  51,  p  462 

Kern  River  reservoir  sites,  Cal. 

description Ann  18,  iv,  pp  703-706; 

22,  iv,  p  487 
Kern  River,  South  Fork,  Cal. 

discharge Ann  20,  iv,  p  537; 

WS  28,  p  185;  85,  p  162 
near  Isabella,  Cal.: 

discharge WS  100,  p  308 

Kern  Valley  Water  Company  canal: 

engineering  features  ..  Ann  13,  iii,  pp  216-217 
Kernville,  Cal. 

North  Fork  Kern  River  near: 

discharge WS  100,  p  308 

rainfall  data Ann  18,  iv,  pp  396,  418; 

19,  iv,  pp  538,  539;  20,  iv,  pp 
560,  561 ;  WS  39,  pp  437,  438: 
52,  pp  495,  496;  66,  pp  168, 169 
Kersey,  Colo. 

Latham  ditch  near: 

discharge WS  99,  p  207 

South  Platte  River  near: 

description WS  66,  p  37; 

si,  p  77;  99,  ppis:;  IM 

discharge WS  66,  p  38; 

84,  p  77;  99,  p  184,  207 

discharge,  monthly. . .  WS  75,  pp  130,  136; 

84,  ]»  79;  99,  pl86 

gage  heights WS  66,  p  38; 

84,  p  78;  99,  pp  184-185 

hydrograph WS  75,  p  132 

rating  tables WS  66,  p  171; 

84,  p  78;  93,  p  185 
Keya  Paha  River,  Nebr.: 

discharge WS  39,  p  439; 

Ann  20,  iv,  p  300 
Keystone,  S.  Dak. 
Battle  Creek  near: 

discharge WS  49,  p  272 

Kicking  Bird  canal,  Colo. 
at  rating  flume: 

discharge WS  99,  p  311 

Kinchafoonee  Creek  near- 
Albany,  Ga.: 

description WS  98,  p  109 

discharge.... WS  83,  pp  127,  128;  98,  p  109 

discharge,  monthly WS  98,  p  111 

gage  heights WS  98,  pp  109-110 

rating  table WS  98,  p  110 

Leesburg,  Ga.: 

discharge WS  98,  p  128 

Kinderhook  Creek  near- 
East  Nassau,  N.  Y. : 

description WS  65,  pp  53-54 

discharge,  daily WS  65,  p  56 

discharge,  monthly WS  65,  p  55 
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Kinderhook  Creek  near — Continued. 
Wilson's  dam,  N.  Y.: 

description WS  65,  p  54 

discharge,  daily WS  65,  pp  56,  57 

discharge,  monthly "WS  65,  pp  55,  57 

King  City,  Cal. 

San  Lorenzo  Creek  near: 

description WS  66,  p  155; 

85,  p  166;  100,  p  312 

discharge WS  66,  p  155; 

85,  p  166;  100,  p  312 

discharge,  monthly WS  75,  p  220; 

85,  p  167;  100,  p  313 

gage  heights WS  66,  p  155; 

85,  p  166;  100,  p  312 

rating  tables WS  66,  p  178; 

85,  p  167;  100,  p  313 
King  Creek  in- 
French  Broad  River  basin: 

discharge WS  49,  p  211 

Kingsburg,  Cal. 

Kings  River  near: 

description Ann  12,  ii,  pp  320-331; 

18,  iv,  pp  393-394;  19,  iv,  p  520; 
20,  iv,  p  534;  Bull  131,  p  80; 
140,  p  284;  WS  16,  p  192;  28,  pp 
180-181;  39,  p  404;  51,  p  460; 
66,  p  153;  85,  p  149;  100,  p  293 

discharge Ann  18,  iv,  p  394; 

19,  iv,  p    521;   Bull  140,  p  288; 
WS  16,  p  192;  28,  p  185;  85,  p  161 

discharge,  low-water Ann  20,  iv,  p526 

discharge,  monthly Ann  19,  iv,  p  522 

discharge,  yearly Ann  20,  iv,  p  64 

diverted  water Bull  131,  p  80 

gage  heights Bull  131,  p  81; 

140,  pp  285-286;  WS  11,  p  92;  16, 

p  192;  28,  p  184;  39,  p  405;  51,  p 

461;  66,  p  153;  85,  p  149;  100,  p  294 

hydrographs.  Ann  12,  ii,  p314;  19,  iv,  p523 

rating  table Ann  19,  iv,  p  522 

soundings Ann  18,  iv,  p  395 

Kingsbury  Creek  in — 
Carson  River  basin: 

discharge WS  85,  p  126;  100,  p  228 

Kings  Canyon  Creek  in— 
Carson  River  basin: 

discharge WS  85,  p  126 

Eagle  Valley,  Nev.: 

discharge WS  100,  p  229 

Kings  River,  Cal.: 

description Ann  20,  iv,  p  534; 

21,  iv,  p  467;  Bull  140,  pp  273-274 
discharge,  miscellaneous. . .  WS  85,  pp  160, 161 

discharge,  low-water WS  28,  p  193; 

39   p  433;  51,  pp  481,  482 
near  Kingsburg,  Cal.: 

description Ann  12,  ii,  pp  320-321; 

18,  iv,  pp  393-394;  19,  iv,  p  520;  20,  iv, 
p  534;  Bull  131,  p  80;  140,  p  284;  WS 
16,  p  192;  28,  pp  180-181;  39,  p  404, 
51,  p  460;  66,  p  153.  85,  p  149;  100,  p  293 

discharge Ann  18,  iv,  p  394; 

19,    iv,   p   521;    Bull  140,   p  288; 

WS  16,  p  192;  28,  p  185;  85,  p  161 

discharge,  low-water  . . .  Ann  20,  iv,  p  526 

discharge,  monthly Ann  19,  iv,  p  522 


Kings  River,  Cal.— Continued. 

near  Kingsburg,  Cal.— Continued. 

discharge,  yearly Ann  20,  iv,  p  64 

diverted  water Bull  131,  p  80 

gage  heights Bull  131,  p  81; 

140,  pp  285-286  WS  11,  p  92;  16,  p 
192;  28, p 184;  39, p  405;  51,  p  461; 
66,  p  153;    85,  p  149;   100,  p  294 

hydrographs Ann  12,  ii,  p  314; 

19,  iv,  p  523 

rating  table Ann  19,  iv,  p  522 

soundings Ann  18,  iv,  p  395 

near  mouth  of  North  Fork: 

discharge WS  100,  p  308 

near  Red  Mountain,  Cal.: 

description Ann  is,  iv,  pp  390-391; 

20,  iv,  p  534;  Bull  140,  p  287;  WS  16, 
p  191:  28,  p  180;  39,  p  403;  51,  p  459- 
460;  m,  p  152;  85,  p  150;  100,  p  294 

discharge Ann  18,  iv,  p  392;  WS  16, 

p  191;  28,  p  185;  39,  p  403;  51,  p  460;  66, 

p    152;    85,    pp    150,    161;    100,    p    295 

discharge,  low-water. . .  Ann  20,  iv,  p  526; 

22,  iv,  p  497;  WS  39,  p  433;  51,  p  481 

discharge,  monthly Ann  18,  iv,  p  393; 

19,  iv,  p  519;  20,  iv,  p  535;  21, 
iv,  p  468;  22,  iv,  p  467;  WS  75, 
p  217;    85,   p    151;    100,   p  296 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights Bull  131,  p  81;  140,  p  287; 

WS  11,  p  92;  16,  p  191;  28,  p 
184;  39,  p  404;  51,  p  460;  66, 
p  153;  85,  p  150;  100,  p  295 

hydrographs Ann  18,  iv,  p  393; 

19,  iv,  p  519;  20,  iv,  p  535;  21,  iv, 

p  468;  22,  iv,  p  467;  WS  75,  p  217 

ratingtables.  Annl8,  iv,  p392;  19,  iv,  p518; 

WS  28,  p  186:  39,  p  455;  52,  p  523; 

66,  p  178;  85,  p  151;  100,  p  296 

near  Slate  Point,  Cal.: 

discharge,  yearly Bull  140,  pp  311,  312 

near  Suspension  Bridge,  Cal.: 

description Bull  140,  p  286 

discharge Bull  140,  p  288 

gage  heights Bull  140,  p  286 

reservoir  sites  near: 

description Ann  22,  iv,  pp  471-477 

Kings  River  basin,  Cal.: 

rainfall  data WS  75,  p  230 

underground  waters  of.  Ann  22,  iv,  pp  479-480 
Kings  River  canals,  Cal.: 

engineering  features..  Ann  13,  iii,  pp  164-168 
Kings  River,  North  Fork  of,  Cal.: 

discharge WS  85,  pp  160,  161;  100,  p  308 

Kings  River,  Middle  Fork  of,  Cal.: 

discharge WS  85,  p  160 

Kings  River,  South  Fork  of,  Cal.: 

discharge WS  85,  p  161 

Kingston,  Ga. 

Etowah  River  near: 

discharge WS  83,  p  164 

Kingston,  N.  Y. 

Esopus  Creek  near: 

description WS  65,  pp  63-64 ; 

82,  p  107;  97,  pp  165-166 

discharge WS  65,  pel; 

82,  p  108;  97,  pp  166-168 
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Kingston,  N.  Y.— Continued. 

Esopus  Creek  near— Continued. 

discharge,  dailj WS  97,  pp  174-175 

discharge,  monthly WS  65,  p  65; 

97,  pp  175-176 

gage  heights. .   WS  65,  p  64;  82,  pp  107, 109; 

97,  pp  168-170 

rating  table WS  97,  pp  171-173 

water  powers WS  65,  p  66 

Sawkill  Creek  near: 

description ws  35,  p  61;  65,  p  65 

discharge WS65,  p  66 

Kimball,  Nebr. 

Lodgepole  Creek  near: 

discharge..  Ann  19,  iv,  p  770;  20,  iv,  p300; 
WS39,  p439;  50,  p  311 

rainfall  data Ann  20,  iv,  i»p  257,  259,  •_,t;;. 

Kiona,  Wash. 

Yakima  River  near: 

description Ann  18,  iv,  p  358; 

19,  iv,  p481;  Bull  l  in,  p248; 

WS    16,    p    176;    28,   p    159; 

38,  p  375;  51,  p  -412;  66,  p  136; 

85,    p    186;    100,    pp    37:;  37 1 

discharge..  Ann  is,  h  .  p358;  19,  iv,  p  183; 

Bull  1  in.  p  248;  WS  L6,  p  L76; 

28,  p  169;  38,  p  375;  51,  p  442; 

66,  pl36;  85,  p  186;  L00,  p  374 

discharge,  monthly Ann  18,  i\.  p  359; 

19,  iv.  p  185;  20,  iv,  pp 
499,  502;  21,  iv,  p  128; 
22,  iv,  p  148;  WS75,  p 
203;  85,  pl88;  100,  p375 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights Bull  1 10,  p  249; 

ws  11,  p  83;  16,  p  176;  28, 
1»  165;  38,  p375;  51,  p  143;  66, 
p  136;  85,   p   lsT;    100,   p  374 

hydrographs Annl9,  iv,  p  186; 

20,  iv,  p  502:  21,  iv.  p    l  !9; 
22,  iv,  p  148;  ws  75,  p  203 

rainfall  and  run-off  relation Ann  20, 

iv,  p500 

rating  tables Ann  18,  iv.  p  359; 

19,  iv,  p484;  WS  2s,  p  L70;  39, 
p    151;     85,    j>    187;    LOO,    p   375 
Kiowa,  Kan-. 

Medicine  Ki\  er  near: 

description Ann  is,  iv,  pp  240-2 1 1 : 

Bulll  10,  p  165 

discharge Ann  18,  iv,  p  211: 

Bull  140,  ]>  165 

discharge,  monthly Ann  18,  iv,  p  242; 

Bull  1  lo.  p  166 
gage  heights..  WSll,p63;  Bulll40,pl66 

hydrograph Ann  18,  iv,  p  242 

rating  table     Ann  18,  iv,  p  242 

Kirwin,  Kans. 

rainfall  data Ann  20.  iv,  pp  306, 310, 313 

Kissingen  Spring  at— 
Bartow,  Fla.: 

discharge ws  27,  p  15 

Klamath  River  near— 
Klamathon,  Cal.: 

discharge WS  100,  p  305 

Klickitat  River  basin,  Wash.: 

description Ann  22,  iv,  pp  454-455 

map Ann  22,  iv,  p  454 


Klickitat  River,  Diamond  Fork  of: 

discharge Ann  22,  iv,  p  455;  WS  51,  ]>  143 

Klickitat  River,  Gold  Fork  of: 

discharge Ann  22,  iv,  p  455;  WS  51,  p  W.) 

Knife  River  near — 
Broncho,  N.  Dak.. 

description ws  99,  p  08 

discha  rge ws  99,  \ .  69 

discharge,  monthly WS  99,  p  70 

gage  heights ws  99,  p  69 

rating  table WS  99,  p  70 

Knights  Ferry,  Cal. 

Little  John  canal  near: 

discharge Ann  19,  iv,  pp  510,  536 

Stanislaus  and  San  Joaquin  Valleycanal 
near: 

discharge Ann  18,  iv,  pp  375,  417,  418; 

19,  iv,  pp  510,  536;  WS  28,  p  185 
Stanislaus  River  near: 

description ws  100,  p  283 

discharge ws  100,  p  280 

discharge,  low-water.,   ws  51,  pp  480, 481 

discharge,  monthly ws  100,  p  285  ' 

gage  heights ws  Kio,  ]»  284 

rating  table WS  100,  p  281 

Stanislaus  Water  Company's  canal  near — 

discharge ws  100,  p  305 

Knoxville,  Tenn. 

Holston  River  near: 

discharge Ann  19,  iv,  p  200 

Tennessee  River  near: 

description ws  30,  pp  172-173; 

18,  pp  193-194;  65,  p  303; 
83,  pp  220  221;  98,  p  270 

discharge WS  30,  p  17;;; 

18,  p  191:  65,  p3o:>,; 

83,  p  221;  98,  p  277 

discharge,  monthly.. .  ws  75,  pp  L03-104; 

83,  p222;  98,  p  279 

gage  heights ws  36,  p  173; 

18,  p  19  1;  05,  p304; 
83,  p  221.  98,  p  277 

rating  tables ws  05,  pv324; 

83,  p  222;  98,  p278 
Kraft  Irrigation  Districl  canal  system: 

engineering  features..  Annl3,iii,pp  184-187 
K  r<  nimling,  Colo. 

Muddy  ('reek  near: 

discharge ws6(>,p98l 

Blue  River  near: 

discharge ws  66,  p  98 

Pass  Creek  near: 

discharge "WS  66,  p98 

Kuttcr's  formula: 

values  of  Cand  n ws  35,  pp  15-19 

Kymulga,  Ala. 

Talladega  Creek  near: 

discharge  — ws  49,  p  210  J 


I.aciieva,  N.  Mex. 

dam  site  near: 

map Ann  21,  iv,  p  273 

Mora  River  at: 

discharge WS  99,  p  249 

gage  heights ws  99,  p  249 
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LnciH'va  reservoir,  N.  Mex. 

area  and  capacity Ann  21,  iv,  p  274 

description Ann  21,  iv,  p  273 

map Ann  21,iv,p  272 

Ladore,  Colo. 

Green  River  near: 

discharge WS  28,  p  143 

Ladysmith,Wis. 

Flambeau  River  near: 

description WS  98,  pp  180-181 

discharge  ..... WS98,pl81 

discharge,  monthly WS  98,  p  183 

gage  heights WS  98,  pp  181-182 

rating  table WS98,pl82 

Lafayette,  Ind. 

Wabash  River  near: 

description...  WSS:!,  pl77;  98,  pp 220-221 

discharge WS  98,  p  221 

discharge,  monthly WS  83,  p  180 

gage  heights. .  WSS3,  pp  178-179;  98,  p  222 

rating  table WS  83,  p  179 

Lagrange,  Cal. 

mining  canals  near: 

discharge  .  Ann  18,  iv,  p  417;  WS  66,  p  149 
Modesto  Canal  mar: 

description WS  100,  pp  289-290 

discharge WS  100,  p  290 

gage  heights WS  100,  p  290 

rating  table WS  100,  p  291 

Tuolumne  River  and  canals  near: 

discharge WS  66,  p  167 

discharge,  monthly WS  100,  p  287 

Tuolumne  River  and  Turlock  ('anal  near: 

discharge,  monthly WS  85, p  146 

Tuolumne  River  near: 

cross  section Ann  18,  iv,  p  380 

description Ann  18,  iv,pp  378-381; 

19,  iv,  p  512;  Bull  140,  pp  301-303;  WS 

16,  p  188,  28,  pp  178-179;  38,  p.  393;  51, 

p  456;   66,  p  149,   85,  p  142;  100,  p  285 

discharge. .  Ann  18,  iv,  p  381 ;  19,  iv,  p  512; 

Bull  1 40,  p  301, 302;  WS16,pl88; 

28,  p  185;  38,  p 394;  51 ,  pp457-458; 

66,  p  149;  85,  p  142;  100,  p  286 

discharge,  low-water. . .  Ann  20,  iv,  p  526; 

WS  28,  p  193;  51,  p  481 

discharge,  monthly Ann  18,  iv,  p  383; 

19,  iv,  p  513;  20,  iv,  p  532; 
21 ,  i  v,  pp449,  454;22,  iv, p465; 
WS   75,    p   214;    85,    p    145 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights Bull  140,  p  302; 

WSll,p90;  16,  p  188;  28,  p  183;  38,  p 395; 
51,  p  457;  66,  p  149;  85,  p  143;  100,  p  286 

hydrographs Ann  18,  iv,  p  383; 

19,  iv,  p  514;  20,  iv,  p  532;  21,  iv, 
p  450;  22,  iv,  p  465;  WS  75,  p  214 

rating  tables Ann  18,  iv,  p  382; 

19,  iv,  p  513;  Bull  140,  p  302; 
WS28,pl86;  39,p455;  52,p523; 
66,  p  178;  85,  p  143;  100,  p  287 
Turlock  Canal  near: 

description WS  85,  p  144;  100,  p  288 

discharge WS  85,  p  144;  100,  p  288 

discharge,  daily WS  38,  p  394 

discharge,  monthly WS  85,  p  146 


Lagrange,  Cal.— Continued. 

Turlock  Canal  near— Continued. 

gage  heights WS  66,  p  150; 

X5,pl44;  100,  pp  288-289 

rating  tables WS  85,  p  145;  100,  p  289 

Lagrange,  Ga. 

rainfall  data Ann  20,  iv,  pp  177, 180, 181 

Lagrange,  111. 

Illinois  River  near: 

discharge Ann  21,  iv,  p  176 

Lagrange  dam,  Cal.: 

description Ann  18,  iv,  pp  686-687 

Lagrange  reservoir  site,  Cal. 

description Bull  140,  pp  303-304 

Laguna,  Cal. 

rainfall ....  WS  52,  pp  495,  496;  C,t\,  pp  168,  169 
Laguna  canal  and  reservoirs,  Colo. 

description Ann  20,  iv,  pp  339-340 

Laguna  ditch  near- 
Rocky  Ford,  Colo: 

discharge : Bull  131,  p  90 

La  Junta,  Colo. 

Arkansas  River  near: 

description Bull  131,  pp  37-38; 

140,  pp  159-160;   WS  37, 
p  262;  C>G,  p  52;  99,  p  282 

discharge Bull  131,  pp  37,  38,  90,  91; 

140,  p  159;  WS  37,  p  262;  99,  pp  282-283 

discharge,  flood Bull  131,  pp  37-38 

discharge,  monthly Ann  11 ,  ii,  p  98; 

WS  06,  p  52;  99,  p  285 

gage  heights Bull  131,  p  39; 

140,  p  160;  WS  99,  p  283 

rating  table WS  99,  p  284 

canals  near: 

discharge Bull  131,  p  91 

Crooked  Arroyo  near: 

discharge WS  99,  p  307 

Lake,  Idaho 

rainfall  data Ann  20,  iv,  pp  470,  471,  474 

Lake  Avalon,  Tex. 

Arroyo  Flume  near: 

discharge WS  28,  p  130 

Lake  Cheesman,  Colo. 
Goose  Creek  near: 

description WS  37,  pp  222-223 

discharge WS  37,  p  223 

discharge,  monthly Ann  21,  iv,  p  211 

gage  heights WS  37,  p  223 

rating  table WS  39,  p  447 

South  Fork  of  South  Platte  River  at: 

description WS  37,  p  223 

discharge WS  37,  p  223 

discharge,  monthly Ann  21,  iv,  p  210;. 

22,  iv,  p  327 

gage  heights WS  37,  p  224 

rating  table WS  39,  p  447 

Lake  Chelan  near- 
Lakeside,  Wash.     See  Chelan,  Lake. 
Lake  City,  Colo. 

Henson  Creek  near: 

discharge WS  100,  p  94 

Lake  Fork  River  near: 

discharge WS  100,  p  94 

Lake  Cochituate.  Mass.     See  Cochituate,  Lake. 
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Lake  Creek,  Colo.: 
Interlaken  near- 
discharge WS  66,  p  55 

Twin  Lakes,  Colo.: 

description  . .  WS  37,  p  256;  50,  pp  320-321 

discharge Bull  131,  p  91; 

WS  37,  p  256;  50,  p  321 

discharge,  monthly Ann  21,  iv,  p  238; 

22,  iv,  p  339 

gage  heights WS  37,  p  257;  50,  p  322 

rating  tables WS  39,  p  449;  52,  p  518 

Lower  Twin  Lakes,  Colo.: 

discharge WS  66,  p  55 

Lake  Creek,  Utah: 

agricultural  lands Ann  22,  iv,  p  379 

description Ann  22,  iv,  pp  378-379; 

WS  50,  pp  372-373;  66,  pp 
87-88:  85,  p  68;  100,  p  109 

discharge Ann  21,  iv,  p  322;  22,  iv,  p 

387;  WS  50,  p  373;    66,  pp  87-88; 
75,  p  L67;   85,    p  59;    100,  p  110 

discharge,  monthly Ann  22,  iv,  p  3S0; 

WS85,  p61;  100,  pill 

gage  heights WS  S5,  p  60;  100,  p  111 

rating  table WS  66,  p  17 1 

u  ater  supply Ann  22,  iv,  p  379 

Lake  Creek  basin,  Utah: 

arable  lands Ann  22,  iv,  p  386 

Lake  Creek,  Wyo.,  near- 
outlet  of  Jennie  Lake: 

discharge WS  100,  p  461 

Lake  Fork  in— 

Colorado  River  drainage  basin: 

discharge WS  85,  p  77;  100,  p  94 

Lake  Fork  of  Arkansas  River  near— 
Arkansas  Junction,  <  !olo.: 

discharge ws  99,  p  311 

gage  heights WS99,  p  312 

Lake  Nicaragua: 

description  and  discharge  measure- 
ments   Ann  20,  iv,  pp  596-609 

Lakeport,  Cal., 

Clear  Lake  near: 

evaporation ws  85,  p  132 

rainfall  data WS  66,  pp  168,  169 

Lakes  and  river-: 

fluctuations  Of Ann  13,  iii,  pp  15-25 

Lakeside,  Wash. 

Lake  Chelan  near 

description ws  28,  pp  157-158; 

38,  pp371  372;  61,  p  139 

elevation  of  surface ws  38,  ]>  372 

gage  heights WS  28,  pp  163-164; 

38,  p  372 

rainlall  data Ann  20,  iv,  pp  497,  498,500 

Lakes  of  Ohio: 

description Ann  18,  iv,  pp  472-474 

Lakin  dam  site  near  ( iolumbus,  <  >hio— 
Scioto  River  at: 

description Ann  20,  iv,  p  212 

discharge,  monthly Ann  20,  iv,  p  213 

Laksha  River  in— 

Bitterroot  Foresl  Reserve: 

discharge Ann  19,  iv,  p  160 

La  Liebra,  Cal. 

rainfall  data Ann  19,  iv,  pp  538,  539; 

20,  iv,  pp  560,  561;  WS  39,  pp  137,  138 


Lallie  meters: 

rating  tables  for Bull  1 40,  p  341 

Lamar,  Colo. 

Clay  Creek  near: 

discharge WS  99,  p  307 

rainfall  data Ann  20,  iv,  pp  326,  328,  330 

Lamar  bridge,  Colo. 

Arkansas  River  near: 

discharge WS  99,  p  305 

Lamar  canal,  Colo, 
at  head  gate: 

discharge WS  99,  p  311 

Lambertville,  N.  J. 

Delaware  River  near: 

description Ann  20,  iv,  pp  84-8S 

WS  15,  p  7;  27,  p  9;  35,  pp 

62  63;  47,  p  80;  65,  p  2ll 

82,  p  133;  97,  pp  249-250 

discharge..  WS  15,  i»  7;  27,  p  23;  35,  p63| 

47,  }»  so:  65,  i>  211;  82,  p  134;  97,  p  25tf! 

discharge,  monthly Ann  20,  iv,  p  81 

21,  iv,  p77;  22,  iv,  p  112; 
WS  75,    p   27;  82,  p   135 

discharge,  yearly Ann  20,  iv,  p  4® 

gage  heights WS  15,  p  7a 

27,  p  16;  35,  p  63;  47,  p  801 
65,  p  214;  82,  p  134;  97,  p  259 

hydrographs Ann  20,  iv,:, 

p86;  21,  iv,  p  77;  22, 
iv,  p  113;  WS75,  p  28 

rating  tables WS  27,  p  24; 

39,  p  442;  52,  p  511;  65,  p  318;  82,  p  135 
Lame  Johnny  Creek  near— 
Buffalo  Gap,  S.  Dak.: 

discharge WS  l(.t,  p  272 

l.a  Mesa,  Cal. 

rainlall  data WS  52,  pp  495,  1%; 

tic,  pp  ins,  n;9 
La  Mesa  dam,  Cal. 

described  and  figured..  Ann  18,  iv,  pp649-6S| 
Lamington  River  near— 
Pottersville,  N.  J.: 

discharge WS  82,  p  12a 

Lamoille  River  near- 
West  Milton,  Vt.: 

description WS  97,  p  31G 

discharge WS  «.i7,  p  346 

discharge,  monthly ws  97,  p3l8 

gage  heights WS  «.»7,  p  317 

rating  table WS  97,  p  347 

Lamont,  Mich. 

Grand  River  near: 

discharge WS  49,  p  245 

Lamoure,  N.  Dak. 
James  River  near: 

description WS  99,  p  45j 

discharge WS  it'.),  p  15 

gage  heights WS  99,  p  15 

Lampasas  River,  Tex.: 

description WS  50,  pp  335-33| 

Lampasas  River,  Sulphur  Fork  of,  Tex.: 

description WS  66,  p  00 

discharge WS  66,  p  60;  84,  p  148 

Lamprey  River,  N.  II. 

description Ann  22,  iv,  pp  70-77 

drainage  areas Ann  22,  iv,  p  77 

f.ill Ann  22,  iv,  p  78 
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Lamprey  River,  N.  H. — Continued. 

map Ann  22,  iv,  p  77 

water  powers Ann  22,  iv,  pp  78-79 

Land,  Ga. 

Little  River  Creek  near: 

discharge WS  49,  p  208 

Lander,  Wyo. 

Popo  Agie  River,  North  and  Middle  forks, 
near: 

discharge Ann  13,  iii,  p  70 

rainfall  data. . .  Ann  20,  iv,  pp  257, 258, 265 
Lander  Cut-off  trail,  Wyo. 
Big  Sandy  River  near: 

discharge Bull  131,  p  91 

Lander's  (R.  W.)  spring  near — 
Pinelog,  Ga.: 

discharge WS  36,  p  147 

Langston  Ford,  Ga. 

West  Amicalola  Creek  near: 

discharge WS  49,  p  208 

Langtry,  Tex. 

Rio  Grande  near: 

description WS  50,  p  357;  66,  p  75; 

84,  p  172;  99,  p  365 

discharge WS  50,  p  357;  66,  pp  75-76; 

84,  pp  172-173;  99,  pp  365-367 

discharge,  monthly Ann  22,  iv,  p  355; 

WS  75,  p  160;  84,  p  174;  99,  p  368 

gage  heights WS  50,  p  358;  66,  p  76; 

84,  p  174;  99,  pp  367-368 
La  Plata  River,  Colo.: 

description Ann  20,  iv,  p  410 

near  Hesperus: 

discharge Ann  20,  iv,  p  410 

gage  heights WS  28,  p  143 

Laporte,  Colo. 

rainfall  data WS  75,  pp  132, 134, 137 

Lapush,  Wash. 

rainfall  data Ann  19,  i v,  p  508 

Laramie,  Wyo. 

Laramie  River  near: 

discharge..  Ann  13,  iii,  p  80;  Bull  131,  p  91 
Little  Laramie  River  near: 

description WS  99,  p  169 

discharge WS  99,  p  169 

gage  heights WS  99,  p  170 

rainfall  data Ann  20,  iv,  pp  257, 258,  265 

Laramie  River: 

description Ann  18,  iv,  pp  142-145;  19,  iv, 

pp  300-301;  21,  iv,  p  192 

irrigation  surveys Ann  13,  iii,  pp  79-81 

near  Laramie,  Wyo. : 

discharge Ann  13,  iii,  p  80; 

Bull  131,  p  91 
near  Uva,  Wyo. : 

description. . .  Ann  18,  iv,  pp  148-149;  Bull 
131,  pp  28-29;  140,  pp  96-97;  WS  15,  p  82; 
27,  p76;  37,  p  216;  49,  p  274;  99,  pp  167-168 

discharge Bull  131  pp  28,  91; 

140,  p  97;  WS  15,  p  82;  27, 

p  86;  37,  p  216;  99,  p  168 

discharge,  monthly. .  Ann  18,  iv,  p  150;  19, 

iv,  p  302;  20,  iv,  pp  262, 

275;  21,  iv,  p  194;  Bull 

140,  p  98;  WS  99,  p  169 

discharge,  yearly Ann  20,  iv,  p  54 


Laramie  River— Continued, 
near  Uva,  Wyo. — Continued. 

gage  heights Bull  140,  p  97; 

WS  11,  p  51;  15,  p  82;  27,  p  79; 
37,  p  217;  49,  p  274;  99,  p  168 

hydrographs Ann  18,  iv,  p  148; 

19,  iv,  p  303;  20,  iv,  p  276;  21,  iv,  p  194 
rainfall  and  run-off  relation..  Ann  20,  iv, 

p  265 

rating  tattles Ann  18,  iv,  pp  97, 

149;  19,iv,p302;  WS27, 
p  88;  39,  p  447;  99,  p  16 
near  Woods  Landing,  Wyo.: 

description Ann  18,  iv,  pp  145-146; 

Bull  131,  p  28;  140,  pp  95- 

96;  WS  15,  p81;   27,  p  76; 

37,   pp  214-215;  49,  p   273 

discharge Ann  13,  iii,  p  79; 

18,  iv,  pp  147,  149;  Bull  131%  pp 
28,  91,  92;  140,  p  96;  WS  15,  p 
81;  27,  p86;  37,  p  215;  49,  p  273 

discharge,  monthly Ann  18,  iv,  p  147; 

19,  iv,  p  301;  20,  iv,  pp  262,274; 
21,   iv,   p  193;    22,    iv,    p    307 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights Bull  140,  p  96: 

WSll,p50;  15,  p81;  27, 
p  78;  37,  p  216;  49,  p  274 

hydrographs ,. .  Ann  18,  iv,  p  148; 

19,  iv,  p  303;  20,  iv,  p  274; 
21,  iv,  p  193;  22,  iv,  p  307 

rainfall  and  run-off  relation Ann  20, 

iv,  p  265 

rating  tables Ann  18,  iv,  p  147; 

19,  iv,  p  301;  WS27,  p 
88;  39,  p  447;  52,  p  516 
reservoir  sites  on: 

description Ann  20,  iv,  pp  276-277 

Lasalle,  111. 

Illinois  River  near: 

description..  WS  83,  p  172;  98,  pp  202-203 

discharge WS  98,  p  203 

discharge,  monthly WS  98,  p  204 

gage  heights WS  98,  p  203 

rating  table WS  98,  p  204 

Las  Animas,  Colo. 

Arkansas  River  near: 

description "WS  28,  p  109 

discharge WS  28,  p  116;  99,  p  305 

gage  heights WS  28,  p  113 

Purgatory  River  near: 

discharge WS  99,  p  309 

discharge,  monthly Ann  11,  ii,  p  98 

rainfall  data..  Ann  20,  iv,  pp  326,  328,  330 
Las  Animas  canal,  Colo.: 

discharge WS  99,  p  308 

Las  Cruces,  N.  Mex. 

rainfall  data Ann  20,  iv,  pp  356,  35s,  359 

Las  Moras  Creek.  Tex.: 

description WS  50,  pp  344-345;  84,  p  161 

discharge WS  84,  p  161 

discharge,  flood WS  50,  p  314 

Las  Moras  Spring  near— 
Brackettville,  Tex.: 

discharge WS  37,  p  277;  Bull  140,  p  85 
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Las  Vegas,  N.  Mex. 
Gallinas  River  near. 

description WS  99,  p  253 

discharge WS  99,  p  254 

gage  heights WS  99,  p  254 

Latham  ditch  near- 
Kersey,  Colo.: 

discharge WS  99,  p  207 

Lathos  Creek  in — 

Colorado  River  drainage  basin: 

discharge WS  85,  p  77 

Laughtons,  Nev. 

Truckee  River  near: 

discharge,  monthly Ann  11,  ii,  p  101 

Laurel,  Md. 

Patuxent  River  near: 

description Ann  Is,  iv,  p  18; 

WS  15,  p  14;  27,  p  10 

discharge Ann  18,  iv,  p  18; 

WS15,  p  11;  27,  p23 

discharge,  monthly Ann  19,  iv,  p  131; 

20,  iv,  pp  113,  116 

discharge,  yearly  Ann  20,  iv,  p  49 

gage  heights.  WSll,p8;  I5,pl4;  27,pl8 

hydrographs Ann  19,  iv,  p  L32; 

20,  iv,  p  11.', 

rating  tables Ann  19,  iv,  p  131; 

WS  27,  p  24 
rainfall  data..   Ann  20,  iv,  pp  112,  113,  114 
Laurel,  I  enn. 

Atcheson  Creek  near: 

discharge ws  49,  p214 

Laurel  Bloomerj ,  Tenn. 

Laurel  Fork  Holston  River,  near: 

discharge ws  19,  p  21 1 

Laurel  Creek,  N.  C,  in- 
French  Broad  River  basin: 

discharge ws  \\>.  p  212 

Watauga  i:i\ er  basin: 

discharge ws  49,  pp  215,  216 

Laurel  Fork  of  Doe  River  near 
Allentown,  Tenn.: 

discharge ws  19,  p  216 

Laurel  Fork  of  Holston  River,  Va. 

discharge ws  19,  p  21 1 

Laurel  Hill  Creek  near— 
I  influence,  Pa.: 

discharge ws  27,  p  66 

Laurin,  Mont. 

Ruby  <  'leek  near: 

discharge...  Ann  11,  ii,  p  107;  13,  iii,  p  51 
Lava,  Oreg. 

Deschutes  River  near: 

discharge Ann  19,  iv,  p  198 

Lavacca,  Nebr. 

Niobrara  River  near: 

discharge Ann  19,  iv,  p  300, 

20,  iv,  p301;  WS27,  p  88. 
Lawrence,  Kan-. 

Kansas  River  near: 

description Ann  18,  iv,  pp  219-220; 

19,  iv,  p  349;  20,  iv,  p  320; 
Bull  111),  pp  145-147;  WS  If., 
p   116;   27,  pp  90-91;  37,   p   254 

discharge Ann  18,  iv,  p  220; 

Bull  140,  p  147;  WS  16,  p  116;  27,  p  95 


Lawrence,  Kans. — Continued. 

Kansas  River  near— Continued. 

discharge,  monthly Ann  18,  iv,  p  222; 

19,  iv,  p  35;  20,  iv,  pp  312, 
322;   Bull  140,  pp  151-153 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights Bull  140,  pp  148-151; 

WSll,p60;  16,  p  116; 
27.    p  94;    37,  p    255 

hydrographs Ann  18,  iv,  p  223;  19, 

iv,  p350;  20,  iv,  p322 

rainfall  and  run-off  relation...     Ann  20, 

iv, p  313 

rating  tables Ann  18,  iv,  p  221;  19, 

iv,  p349;  Bull  110, 
p  147;  WS  27,  p  96 

water  of,  analyses Ann  20,  iv,  p  321 

rainfall  data Ann  20,  iv,  pp  306,  311,  313 

Lawrence,  Mass. 

Merrtmac  River,  near: 

description Ann  19,  iv,  pp  111-112; 

Bull  140,  p  33;  WS  35,  p. 
31;  47,  p.  32;  65,  p  22; 
82,   pp.   49-50;    97,  p  72 

discharge,  daily WS  35,  pp  35-36; 

82,  pp  51-52;  97,  p  73 

discharge,  monthly Ann  19,  iv, 

pp  113-115;  20,  iv,  p  73; 
21,  iv,  p60;  Bull  lio,  p3l 

discharge,  yearly Ann  20,  iv,  p  46 

hydrographs Ann  19,  iv,  p  112; 

2d,  iv,  p.  74;  21,  iv,  p  60 
meter-rating  station  at: 

description Bull  l  io,  p332 

Lawrence  Folk,  Nebr.: 

discharge ws  si,  p  93 

Leadville,  Colo. 

Easl  Fork  Arkansas  Liver  near: 

discharge..  Ann  11,  ii,  p47;  WS  99,  p  311 

discharge,  monthly Ann  11,  ii,  p  95 

gage  heights ws  99,  p  311 

hydrograph Ann  12,  ii,  p  240 

Lake  Fork  Arkansas  River  near: 

discharge Ann  11,  ii,  p  17 

discharge,  monthly Ann  11,  ii,  p  96 

hydrograph Ann  12,  ii,  p  240 

Tennessee  Fork  Arkansas  Liver  near: 

discharge Ann  11,  ii,  p  47 

discharge,  monthly Ann  11,  ii,  p  96 

gage  heights WS  99,  p  312 

hydrograph Ann  12,  ii,  p  240 

Leamington,  Utah 
Sevier  River  near: 

description Ann  14, 

ii,  p  125;  Bull  131,  pp  60-61 

discharge,  monthly Ann  11,  ii, 

pl05;  12,  ii,pp355,  361; 
13,  iii,  p97;  14,  ii,  p  126 

discharge,  yearly Ann  13, 

iii,  p  99;  20,  iv,  p  61 

gage  heights Bull  131,  p  61 

hydrograph Ann  12,  ii,  p  342 

rating  table Bull  131,  p  61 

Leander,  N.  C. 

Beaver  Dam  Creek  near: 

discharge ws  49,  p  216 
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Leatherwood  Creek  near— 
Toceoa,  Ga. : 

discharge WS  49,  p  207 

Leathers  Ford,  Ga. 

Chestatee  River  near: 

discharge Ann  18,  iv,  p  92 

Leavitts,  Cal. 

Big  Walker  Creek  near: 

discharge Ann  18,  iv,  p  417 

Lebo  Creek  in— 

Musselshell  River  basin: 

discharge Ann  13,  hi,  p  61 

Lebo  Creek  near — 

Bigtimber  road,  Mont.: 

discharge Ann  11,  ii,  p  107 

Leckinghole  Run  in — 

James  River  basin,  Va.: 

discharge Ann  19,  iv,  p  171 

Lecompton,  Kans. 

Kansas  River  near: 

description Ann  18, 

iv,  pp  218-219;  WS  37,  p  253;  50, 
p  318;  06,  p  46;  84,  p  95;  99,  p  208 

discharge WS  27,  p  95;  37,  p  253;  50, 

p  318;  66,  p  46;  84,  p  96;  99,  p  209 

discharge,  monthly Ann  21 , 

iv,  p  228;  22,  iv,  p  338;  WS 
75,  p  144;  84,  p  97;  99,  p  211 

gage  heights WS  11,  p  59;  37,  p  254; 

50,  p  319;  66,  p  47;  84,  p  96;  99,  p  209 

hydrographs Ann  21,  iv,  p  229; 

22,  iv,  p  338;  WS  75,  p  144 

rating  tables WS  39,  p  449;  52,  p  518 

66,  p  172;  84,  p  97;  99,  p  210 
Leech  Lake  River: 

in  Mississippi  River  basin: 

discharge Ann  22,  iv,  p  -'19 

Mississippi  River  above  and  below  junc- 
tion of: 

discharge .• Ann  22,  iv,  p  219 

Leeds,  Ala. 

East  Cahaba  River  near: 

discharge WS  98,  p  170 

Leesburg,  Ga. 

Kinchafoonee  Creek  near: 

discharge WS  98,  p  128 

Muckalee  Creek  near: 

discharge WS  98,  p  128 

Lees  Creek  near — 
Olivette,  N.  C: 

discharge WS  49,  p  212 

Left  Hand  Creek,  Colo.: 

seepage  computations WS  50,  p  304 

Lelii,  Ariz. 

Salt  River  near: 

See  Salt  River  at  McDowell,  Ariz. 
Verde  River  near: 

See  Verde  River  at  McDowell,  Ariz. 
Lehigh  reservoir  site  in — 
Salinas  River  basin,  Cal.: 

description Ann  22,  iv,  p  486 

Lehigh  River  near — 
Easton,  Pa.: 

discharge WS  48,  p  114 

South  Bethlehem,  Pa.: 

description Ann  20,  iv,  pp  86-87; 

WS  65,  p  213;  82,  p  132;  97,  p  255 


Lehigh  River  near— Continued. 

South  Bethlehem,  Pa.— Continued. 

discharge Ann  20,  iv,  p  87; 

WS  82,  p  132;  97,  p  255 

discharge,  monthly WS  97,  p  257 

gage  heights WS  65,  p  214; 

82,  p  133;  97,  p  256 

rating  table WS  97,  p  256 

Leipsic,  Ohio 

rainfall  data WS  75,  p  1 11 

Leland,  Utah 

Uinta  River  near: 

description WS  85,  p  52 

discharge WS  85,  p  53 

discharge,  monthly WS  85,  p  55 

gage  heights WS  85,  p  54 

rating  table WS  85,  p  54 

Leon  River,  Tex. 

description WS  50,  pp  331-335;  66,  p  60 

discharge WS  50,  p  335;  66,  p  60 

near  Uvalde: 

description Bull  140,  p  85; 

WS  37,  pp  276-277;  50,  pp  342-343 

discharge WS  50,  p  343 

Leona  Spring  at— 
Uvalde,  Tex.: 

description "WS  50,  p  342 

Leroux  Creek  near — 
Hotchkiss,  Colo.: 

discharge WS  100,  p  92 

Level  Land  Creek  near— 
Choestoe,  Ga.: 

discharge WS  49,  p  217 

Leverett,  Frank,  papers  by: 

Water  resources  of  Illinois Ann  17, 

ii,  pp  695-849 
The  water  resources  of  Indiana  and  Ohio, 

Ann  IS,  iv,  pp  419-559 
Lewers  Creek  in — 

Washoe  Valley,  Nev.: 

discharge ws  loo,  p  231 

Lewis,  Tex. 

Brazos  River  near: 

description WS  28,  p  118;  37,  p  273 

discharge WS  28,  p  129 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights WS  28,  p  121 ;  37,  |»  273 

Lewis  River  in— 

Yellowstone  National  Park: 

discharge WS  loo,  p  461 

Lewiston,  Idaho 

Snake  River  near: 

description Bull  140,  p  243 

Lewiston,  Me. 

water  powers  on  Androscoggin  River 

below Ann  19,  iv,  pp  88-90 

Lexington,  Nebr. 

Platte  River  near: 

description WS  84,  pp  59-60;  99,  p  155 

discharge WS  84,  p  CO;  99,  p  1 55 

discharge,  monthly.  WS  84,  p  61;  99,  p  1.57 
gage  heights. . .  WS  81,  pp  60-61;  99,  p  156 

rating  tables WS  84,  p  til;  99,  p  L56 

rainfall  data Ann  20,  iv,  pp  257,  260,  265 

Lexington,  Va. 

rainfall  data Ann  20,  iv, 

pp  132,  133,  134;  WS  75,  pp  45,  47,50 
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Liberty,  Kans. 

Verdigris  River  near: 

curve  of  mean  velocity  of  flow..  Ann  19, 
iv,  ]>p  373-374 

description " Ann  18,  iv,  p  235; 

Bull  140,  p  162;  WS  16,  p  125;  28,  p 
109;  37,  pp  26.5-266;  50,  pp  330-331; 
66,  p  56;  84,  pp  116-117;  99,  pp  257-258 

discharge Ann  18,  iv,  p  235; 

19,  iv,  pp  368-369;  Bull  140, 
p  162;  WS  16,  p  125;  28,  p 
116;  37,  p  266;  50,  p  331;  66, 
p  56;  84,  p   117;   99,  p  258 

discharge,  monthly Ann  18,  iv,  p  237; 

19,  iv,  pp370,  372;  20,  iv,  p  344; 
21,  iv,p237;  22.  iv,p345;  WS 
75,  p  148;  84,  p  118;  99,  p  260 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights Bull  140,  p  163; 

WS  11.  p  62;  16,  p  125;  28,  p 

115;  37,  p  266;  50,  p  331;  66,  p 

.      57;  84,  p   117;   99,  pp  258-259 

hydrographs Ann  19,  iv,  pp  370-371, 

372;  20,  iv,  p  344;  22,  iv,  p  345 

rating  tables Ann  18,  iv,  pp  236-237; 

19,  iv,  p  369;  WS  28,  p  117;  39,  p  450; 
52,  p518;  tie,  p  172;  84,  p  118;  99,  p  259 
Licking  Creek  in — 

1'otoinac  River  basin: 

discharge Ann  19,  iv,  p  148 

Licking  River  near- 
Pleasant  Valley,  Ohio: 

description..  WS  s;i,  pp  181-182;  98,  p  229 

discharge ws  83,  p  182;  98,  p  229 

discharge,  monthly WS  lis,  p231 

gage  heights.,  ws  83,  p  182;  98,  pp  229  230 

rating  table WS  98,  p  230 

Lightner  Creek  near— 
Durango,  Colo.: 

discharge WS  LOO,  p  64 

Lillian,  Tenn. 

•  itico  Creek  near: 

discharge WS  49,  p  217 

Lily  Park,  Colo. 

Snake  River  near: 

discharge ws  50,  p375 

discharge,  low  water...   Ann  22,  i\  .  p  395 
Yampa  River  near: 

discharge WS  50,  p  :;7"> 

discharge,  low  water...  Ann  22,  iv,  p  395 
Lima,  N.  C. 

Fall  Creek  near: 

discharge WS  49,  p  206 

Lima,  Ohio. 

Ottawa  River  near: 

description..  WS  83,  p  240;  97,  pp  127-428 

discharge WS  83,  p  241;  97,  p  128 

gage  heights WS  83,  p241;  97.  p  128 

Lincoln,  Ala. 

Lock  No.  4,   Coosa    River,   near.      See 
Coosa  River  near  Lock  No.  4. 
Lincoln,  Nebr. 

Oak  Creek  near: 

discharge ws  39,  p  440 

rainfall  data Ann  20,  iv,  pp  257,  262,  265 


Lincoln,  Nebr.— Continued. 
Salt  Creek  near: 

description Bull  140,  p  123 

discharge Ann  19,  iv,  p  335;  Bull  140, 

p  123;  WS  50,  p  311;  66,  p  43;  84,  p  93 
Lineback,  Tenn. 
Elk  Creek  near: 

description WS  48,  p  185;  65,  p  299 

discharge WS  48,  p  184;  65,  p  299 

gage  heights WS  48,  p  185;  65,  p  300 

Linville  River  near- 
Bridge  water,  N.  C: 

description WS  48,  p  142;  83,  pp  80-81 

discharge WS  48,  p  142;  83,  p  81 

discharge,  monthly WS  83,  p  82 

gage  heights WS  48,  p  142;  83,  p  81 

rainfall  data WS  83,  p  82 

rating  table WS  83,  ]»  82 

Linville,  N.  C: 

discharge WS  49,  p  205 

Lippincott,  J.  B.,  paper  by: 

Water   supply  of   San  Bernardino  Valley.. 
Ann  19,  iv,  pp  540-632 
Lipscs  Run  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  170 

Lithonia,  Ga. 

South  River  near: 

description WS  98,  p  93 

discharge ws  98,  1 1  *,»:: 

gage  heights WS  98,  i  >  91 

Yellow  River  near: 

discharge WS  98,  i  >  1 03 

Little  Amicalola  Creek,  Ga.: 

discharge WS  49.  p  208 

Little  Bald  Mountain  Creek  in— 
Nolichucky  River  basin,  N.  C: 

discharge ws  19,  p  211 

Little  Bear  Liver,  Utah: 

description WS  51,  p  113 

discharge ws  5 1 ,  p  4 1 3 

Little  Hear  River,  South  Fork,  Malm: 

discharge Ann  18,  iv,  p  315 

Little  Bear  Valley,  Cal. 

rainfall  data Ann  20,  iv,  pp  560,  561; 

WS  52,  pp  495,  496;  39,  pp  437,  438 
Little  Bear  Valley  dam  and  reservoir,  Cal. 

description,  etc Ann  18,  iv,  pp  690-692; 

19,  iv,  p627 
Little  Blue  Creek,  Colo.,  in— 

Colorado  River  drainage  basin: 

discharge WS  85,  1  >  77 

Grand  River  basin: 

discharge WS  100,  p  94 

Little  Blue  River,  Nebr.,  near — 
•  Ayr: 

discharge WS  50,  p  310 

Little  Cacapon  River,  \V.  Va. 

description Ann  19,  iv,  p  135 

discharge Ann  19,  iv,  p  135 

Little  Camas  Creek,  Idaho. 

description Ann  18,  iv,  p  336 

near  Little  Camas  Store: 

gage  heights WS  11,  p  80 

Little  Cimarron  Creek  in— 

Colorado  River  drainage  basin: 

discharge WS  85,  p  77;  10(1,1.91 
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Little  Colorado  River,  Ariz, 
reservoir  sites  on: 

description Ann  18,  iv,  pp  722-723 

Little  Crabtree  Creek  in— 

Noliehueky  River  basin,  N.  C: 

discharge WS  49,  p  213 

Little  Conococheagne  Creek  in — 
Potomac  River  basin: 

discharge Ann  19,  iv,  p  148 

Little  Cottonwood  Creek,  Nebr.: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  298;  WS  39,  p  439 
Little  Cottonwood  Creek,  Utah,  near- 
Salt  Lake  City: 

discharge,  daily WS  38,  pp  343-344 

Little  Cove  Creek,  Tenn.: 

discharge WS  49,  p  117 

Little  Doe  River  near— 
Allentown,  Tenn.: 

discharge WS  49,  p  216 

Little  Elk  Creek,  N.  C,  in— 
Watauga  River  basin: 

discharge WS  49,  p  216 

Little  Elk  Creek,  Okla.,  near — 
Hobart: 

discharge "WS  99,  p  320 

Little  Falls,  N.  Y. 

Mohawk  River  near: 

description WS  35,  p  51; 

47,  p  62;  65,  p  162;  82,  p  92;  97,  p  196 

discharge WS  47,  pp  39,  52-53; 

65,  pp  162,  163 

discharge,  daily WS  35,  p  51; 

47,  pp  54-55;  65,  p  163;  82,  p  93 

discharge,  flood WS  47,  p  53;  65,  p  165 

discharge,  low- water WS  47,  p  54; 

65,  p  165 

discharge,  monthly Ann  22,  iv,  p  94; 

WS  35,  p  24;  65,  p  164;  82,  p  94 
hydrographs. .  Ann  21,  iv,  p  67;  22,  iv,  p  95 
Little  Fountain  Creek  in — 
Elpaso  County,  Colo.: 

description Ann  18,  iv,  p  231 

discharge Ann  18,  iv,  p  231 

Little  Goose  Creek  near — 
Sheridan,  Wyo.: 

description Ann  18,  iv,  p  136; 

WS  15,  p  77 

diseharge Bull  131,  p  91 

discharge,  monthly Ann  18,  iv,  p  137 

discharge  yearly Ann  20,  iv,  p  53 

gage  heights WS  11,  p  49;  15,  p  77 

rating  tables '...  Ann  18,  ir,  p  136 

See  also  Goose  Creek;  Big  Goose  Creek. 
Little  Hudson  Creek  near- 
Homer,  Ga.: 

discharge WS  49  p  207 

Little  Humboldt  River  near— 
Cathcart  Lane,  Nev.: 

discharge WS  100,  p  226 

Little  John  Canal  near- 
Knights  Ferry,  Cal.: 

discharge Ann  19,  iv,  pp  510, 536 

Little  Kern  River,  Cal. 

discharge  . .-. WS  100,  p  :«>7 


Little  Laramie  River  near — 
Hatton,  Wyo.: 

description WS  84,  pp  70-71;  99,  p  170 

discharge WS  84,  p  71;  99,  p  171 

discharge,  monthly. .  WS84,  p  71;  99,  p  172 

gage  heights WS  84,  p  71;  99,  p  171 

rating  tables WS  84,  p  71;  99,  p  171 

Laramie,  Wyo.: 

description WS  99,  p  169 

discharge WS  99,  p  169 

gage  heights WS  99,  p  170 

May's  ranch: 

discharge Ann  13,  iii,  p  80 

Little  Laramie  River,  South  Fork,  Wyo.: 

discharge Bull  131,  p  90 

Little  Leatherwood  Creek  near — 
Toccoa,  Ga.: 

discharge WS  49,  p  207 

Little  Log  Creek  near— 
Cartecay,  Ga. : 

discharge WS  49,  p  209 

Little  Miami  River  near— 
Loveland,  Ohio: 

discharge WS  98,  p  232 

Morrow,  Ohio: 

description WS  98,  pp  231-232 

discharge WS  98,  p  232 

gage  heights WS  98,  p  232 

See  also  Great  Miami. 
Little  Miami  River  drainage  basin : 

description  . . .  Ann  18,  iv,  p  458;  WS  98,  p  231 
Little  Missouri  River  near- 
Camp  Crook,  S.  Dak.: 

description WS  99,  p  73 

discharge WS  99,  p  74 

gage  heights WS  99,  p  74 

Medora,  N.  Dak.: 

description WS  99,  pp  70-71 

discharge WS  99,  p  71 

discharge,  monthly WS  99,  p  73 

gage  heights WS  99,  pp  71-72 

rating  table WS  99,  p  72 

Little  Nails  Creek  near — 
Homer,  Ga.: 

discharge WS  49,  p  207 

Little  Ocmulgee  River  near- 
Lumber  City,  Ga.: 

discharge WS  83,  p  113 

Little  Ogeechee  River  near— 
Agricola,  Ga.: 

discharge WS  98,  p  80 

Little  Oil  Creek  near- 
Newcastle,  Wyo.: 

discharge WS  49,  p  272 

Little  Tiney  Creek  near — 
Arlington,  Mo.: 

description WS  99,  p  38 

discharge  WS  99,  p  38 

discharge,  monthly WS  99,  p  39 

gage  heights WS  99,  p  39 

rating  table WS  99,  p  39 

Little  Portage  River  near— 
Mendon,  Mich.: 

discharge WS  97,  p  485 

Little  Red  Island  Creek,  Va. 
at  mouth: 

discharge Ann  19,  iv,  p  173 
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Little  River,  Ala.,  near- 
Cedar  Bluff: 

discharge WS  98,  p  169 

Little  River,  Ga.: 

in  Etowah  River  basin: 

discharge WS  19,  p  208 

near  Eat  on  ton: 

discharge WS  98,  i>  10S 

near  Gainesville: 

discharge.. . .  WS  83,  p  127:  98,  pp  127-128 
near  Meriwether: 

discharge WS  83.  p  L13 

Little  River,  N.  H. 

description Ann  22,  i\,  p  7;: 

Little  River.  N.  Y. 

water  powers WS  65,  (»  33 

Little  River,  X.  ('.,  in- 
French  Broad  River  basin: 

discharge ws  49,  p211 

Little  River,  Lower,  neat- 
Manchester,  N.  C: 

discharge WS  83,  p  51 

I  ittle  i;i\  er,  Tenn.,  near— 
Tuckaleechee  Cove: 

discharge " ws  19,  p217 

Little  River,  Tex. 

description...  W8  66,  pp  60-61;  84,  pp  147  L48 
near  Cameron: 

discharge ws  66,  p  62 

Little  River,  Va. 

in  New  River  basin: 

discharge ws  49,  i»  21 1 

near  Gra\  sonville: 

discharge Ann  19,  iv,  p  17:; 

Little  i;i\  er,  Wash.,  near- 
McDonald: 

discharge WS51,p  t50;  66,  p  142 

Little  River  Creek  near 
Land,  <  ta.: 

discharge ws  19,  p208 

Little  Rock  Creek,  Cal. 

description Ann  21,  iv,  p  17<> 

discharge Ann  19,  iv.  |>  535 

near  Palmdale,  <  !al.: 

description Ann   L8,  iv,  pp  102  104; 

19,  i\,  pp  526  527;  20,  i\ .  p  540; 
WS  16,  p   193;   28  pp   186  L87 

discharge Ann  18,  iv,  p  104; 

WS  L6,  p  193;  28,  p  190 

discharge,  monthly Ann  18,  iv,  p  405; 

19,  iv,  p527;  20 iv,  p  540;  21,  iv,  p  171 

discharge,  yearly Ann  '20,  iv,  p  64 

gage  heights ws  16,  p  193;  28,  p  L89 

hydrograph Ann  19,  iv,  p  528 

rating  tables Ann  is,  iv,  p  404; 

19,  iv.  p  627;  WS28,  p  191 
Little  Rock  Creek,  Colo.,  near — 
Toponas: 

discharge ws  66,  p  98 

Little  Rockfish  Creek  near — 
McNeils,  N.  C: 

discharge WS  98,  i-  :;<> 

Little  San  Joaquin  River,  Cal. 
at  mouth — 

discharge WS  100,  p  307 

See  also  Chiquita  San  Joaquin;  San 
Joaquin. 


Little  Scioto  River  near- 
Marion,  Ohio: 

discharge,  low  water.  Ann20,  iv,  p 214-215 
Little  Snake  River,  Colo.: 

discharge WS  85,  p  77 

near  Dixon,  Wyo.: 

discharge WS  28,  p  1 43 

near  Grovant,  Wyo.: 

description WS  38,  p  3 19 

gage  heights WS  38,  p  350 

near  Honnold,Colo.: 

discharge -. WS  28,  p  143 

near  Lily  Park, Colo.: 

discharge WS  50,  p  375 

discharge,  low  water....  Ann 22, iv, p 395 
Little  Spokane  River  near — 
Spokane,  Wash.: 

description WS  100,  pp  398-399 

discharge ws  loo,  p  399 

gage  heights WS  100,  p  399 

Little  Spring  Creek,  Utah: 

discharge WS  100,  p  224 

Little  Tennessee  River: 

description Ann  21,  iv,  p  163 

near  ( 'hilhowee,  Tenn.: 

discharge ws  49,  p  217 

near  Franklin,  N.  ('.: 

discharge Bull  140,  p  82 

near  Judson,  N.  C: 

description Ann  18,  iv,  pp  117-118; 

WS  15,  p  62;  27,  p  69;  36,  p  168;  48,  p 
189;  65,  p305;  83,  p  216;  98,  pp  270-271 

discharge Ann  L8,  iv,  p  118,  Bull  140, 

p  82;  WS  L5,  p  62;  27,  p  65;  36,  p  L68; 
48,  p  189;  65,  p  305;  83,  p  216;  98,  p  271 

discharge,  monthly Ann  20,  iv,  p  207; 

21,  iv,  p  163;  22,  iv,  p  224;  WS 
7.">,  p  L05;  83,  p  218;  98,  p  272 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights WS  11,  p  42; 

L5,  p62;  27,  p  63;  36,  p  169;  48,  p 
190;  65,  p  306;  83,  p  217;  98,  p  27l 

hydro-graphs Ann  20,  iv,  p  208; 

21,  iv,  pl64;  WS7.r),  p  105 

rating  tables ws  27,  p  66;  39,  p  1 46; 

52,  p  515;  65,  p  324;  83,  p  217;  98,p272 
near  McGhee,  Tenn.: 

discharge WS  98,  p  293 

Little  Thompson  Creek,  Colo. 

seepage  measurements Ann  20,  iv,  p 

289;  WS  50,  p  305 
Set  also  Big  Thompson  Creek. 
Little  Tomitchie  Creek,  Colo.,  in- 
Grand  River  basin: 

discharge WS  100,  p  94 

Little  Tonoloway  Creek  near- 
Hancock,  Md.: 

discharge Ann  19,  iv,  p  148 

Little  Truekee  River  and  flume  near- 
Boca,  Cal.: 

discharge,  monthly Ann  11,  ii,  p  101 

Little  Truekee  River  near — 
Boca,  Cal.: 

discharge Ann  11 ,  ii, 

p  108;  WS  51,  p  405 
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Little  Truckee  River  near— Continued. 
Boca,  Cal.'— Continued. 

discharge,  monthly Ann  13,  iii,  p  95; 

discharge,  yearly Ann  20,  iv,  p  59 

hydrograph Ann  12,  ii,  p  324 

Lake  Tahoe: 

discharge WS  100,  p  232 

Pine  Station,  Cal.: 

description WS  100,  p  L95 

discharge WS  100,  p  195 

discharge,  monthly WS  100,  p  197 

gage  heights WS  100,  p  196 

rating  table WS  100,  p  196 

Little  Tujunga  River  in— 

Los  Angeles  River  basin,  Cal.: 

discharge Ann  20,  iv,  ]>  5):;, 

WS  28,  p  192;  66,  p  167 

discharge,  low-water WS  2S,  p  196; 

39,  p  434 
Little  Turniptown  Creek  in — 
Coosawattee  River  basin: 

discharge WS  49,  p  209 

Little  Walker  Creek  at— 
Junction  House,  Cal.: 

discharge Ann  18,  iv,  p  417 

Little  Walker  River  in— 
Walker  River  basin: 

discharge WS  100,  p  230 

Little  Wood  River,  Idaho 

discharge Ann  11,  ii,  p  83 

near  Shoshone,  Idaho: 

discharge Ann  11,  ii,  p  111) 

near  Toponis,  Idaho: 

description Ann  18,  iv,  pp  336-337; 

WS  16,  p  166;  28,  p  155;  38,  p  353 

discharge Ann  18,  iv,  p  337; 

WS  16,  p  166;  28,  p  168;  38,  p  353 

discharge,  monthly Ann  18,  iv,  p  339; 

19,  iv,  p  449;  20,  iv,  p  473;  21,  iv,  p  406 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights WS  11,  p81; 

16,  p  166;  28,  p  160;  38,  p  353 

hydrograph Ana  21,  iv,  p  407 

rating  tables Ann  18,  iv,  p  339; 

19,  iv,  p  449;  WS  28,  p  169;  39,  p  453 
Livingston,  Ariz. 

Tonto  Creek  near: 

description...  WS  66,  pp  100-101;  85,  p  29 

discharge WS  66,  p  101;  85,  p  30 

discharge,  monthly.  WS  75,  p  178;  85,  p  32 

gage  heights WS  66,  p  101 ;  85,  p  31 

Salt  River  near: 

description WS  85,  p  25 

discharge WS  85,  pp  26-27 

discharge,  monthly WS  85,  p  29 

gage  heights WS  85,  p  28 

rating  table WS  85,  p  28 

Livingston,  Mont. 

rainfall  data WS  75,  pp  115,  116,  117 

Yellowstone  River  near: 

description WS  15,  p  74; 

27,  p  69;  37,  pp  210-211;  49,  p  268; 
66,  p  22;   84,  pp  24-25;  99,  p  97 

discharge Ann  20,  iv,  p  247; 

WS  15,  p  74;  37,  p  211;  49,  p 
268;  66,  p  22;  84,  p  25;  99,  p  98 

discharge,  monthly Ann  19,  iv,  p  289; 

20,  iv,  p  248;  22,  iv,  p  289; 
WS75,pl22;84,p26;99,p99 


Livingston,  Mont.— Continued. 

Yellowstone  River  near— Continued. 

disclmrge,  yearly Ann  20,  iv,  p  53 

gage  heights WS  15,  p  74; 

27,  p  73;  37,  p  211;  49,  p  268; 
66,  p  22;  84,  p  25;   99,  p  98 

hydrographs Ann  19,  iv,  p  289; 

20,  iv,  p  248;  22,  iv, 
p  290;  WS  75,  p  123 

rating  tables. Ann  19,  iv,  p  288; 

"WS  27,  p  76;    52,  p  516; 
66,  p  170;  84,  p  26;  99,  p  99 
Llano  River,  Tex.: 

description WS  66,  p  62;  84,  pp  153-151 

discharge . WS  66,  p  62 

near  Llano,  Tex.: 

discharge WS  84,  p  154 

Llewellen  Bridge,  Nebr. 

North  Platte  River  near: 

discharge. . .  Ann  20,  iv,  p 302;  WS  39,  p 440 
Lockhart  ditch  in- 
Rapid  Creek  valley: 

discharge WS  99,  p  135 

Lock  No.  4,  Ala. 
Coosa  River,  at: 

description WS  15,  p  5] ; 

36,  p  150;  48,  p  165;  65,  p  280 

gage  heights. . .  WS  11 ,  pp  31-34;  15,  p  52; 

27,  p  54;  36,  p  151;  48,  p  166;  65,  p  280 

rainfall  data WS  75,  pp  86, 87 

Lock  No.  5,  Ala. 
Coosa  River  at: 

description Ann  18,  iv,  pp  101-102; 

WS  15,  p  51;  36,  pp  150-151;  48,  p  165 

gage  heights WS  11,  pp  34-36; 

15,  p  53;  27,  p  55;  36,  p  151 

rating  table Ann  18,  iv,  pp  102-103 

Locust  Creek  in— 

Nolichucky  River  basin,  N.  C: 

discharge WS  49,  p  213 

Locust  Fork  of  Black  Warrior  River  near— 
Palos,  Ala.: 

description WS  83,  p  159;  98,  p  164 

discharge WS  83,  p  159;  98,  p  165 

discharge,  monthly.  WS  83,  p  161;  98,  p  166 

gage  heights WS  83,  p  160;  98,  p  165 

rating  tables WS  83,  p  160;  98,  p  166 

Lodgepole  Creek,  Nebr. 

description Ann  19,  iv,  p  770 

discharge...   .  Ann  19,  iv,  p  770;  20,  iv,  p  300; 
WS  39,  p  439;  50,  p  311;  84,  p  93 
Lodgepole  Creek  valley,  Nebr. 

irrigation  in Ann  19,  iv,  pp  777-779 

Lodi,  Cal. 

Mokelumne  River  near: 

description Bull  131,  p  86;  140,  p  308 

discharge Bull  140,  p  308 

gage  heights Bull  131,  pp  86-87; 

140,  pp  309-310 
Logan,  Mont. 

Gallatin  River  near: 

description Ann  18,  iv,  pp  128-129; 

19,  iv,  pp  277;  Bull  131,  pp  16-17; 
140,  p  89;  WS  15,  p  68;  27,  p  68; 
36,  pp  197-198;  49,  p  262;  66,  pp 
17-18;  84,  pp  38-39;  99,  pp  123-124 
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Logan,  Mont.— Continued. 

Gallatin  River  near— Continued. 

discharge Ann  18,  iv,  p  129; 

Bull  131,  pp  17,  92;  140,  p  90;  WS 
15,  p  68;  27,  p  74;  36,  p  198;  49, 
p  262;  66,  p  18;  84,  p  39;  99,  p  124 

discharge,  monthly Ann  18,  iv,  p  130; 

19,  iv,  p  278;  20,  iv,  pp  234,  240; 
22,  iv,  p  282;  Bull  140,  p  91; 
WS  75,  p  116;  84,  p  40;  99,  p  126 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights Bull  131,  p  18; 

140,  p  90;  WS  11,  p  48;  15,  p  68; 
27,  p  70;  36,  p  198;  49,  p  263; 
66,  p  18;  84,  p  39;  99,  pp  124-125 

hydrographs Ann  18,  iv,  p  130;  19,  iv, 

p  278;  20,  iv,  p  240;  22,  iv,  p  282 

rainfall  and  run-off  relation Ann  20, 

iv,  p  235;  WS  75,  p  118 

rating  tables Ann  IS,  iv,  p  129;  19, 

iv.  pL'77.  Bull  110,  p90;  WS27, 
p  7:>;  52,  p516;  84,  p  Id;  99,  p  125 
Logan,  Utah. 

Logan  River  near.     See  Logan  River. 
Logan  River,  Utah:  , 

above  high-line  canal: 

discharge Ann  11,  ii,  p  109 

near  Logan,  Utah: 

description Ann  18,  iv,  pp  316-317; 

19,  iv,  p433;  20,  iv,  p  462;  21, 
iv,p397;  WS16,  p  158;  28,  p 
llii;  38,  p  334;  51,  p411;  66,  p 
L18;  85,  pp  86-87;  100,  p  137 

discharge Ann  18,  iv,  p317; 

ws  Hi.  p  158;  28,  p  L53; 
38,  p  :;:;:.;  61,  p  411;  66, 
p  118;  85,  p  87;  100,  p  137 

discharge,  monthly Ann  18,  iv,  p  318; 

19,  iv,  p  434;  20,  iv,  p  462;  21,  iv, 
p  397;  22,  iv,  p  408;  WS  75,  p  192 

discharge,  yearly Ann  20,  iv,  p  60 

gage  heights WS  1 1,  p  77; 

16,  p  158;  28,  p  150;  38,  p  335: 
51,  p  412;  66,  p  119;  100,  p  138 

hydrographs Ann  19,  iv,  p  134; 

-in,  iv,  p463;  22,  iv,  p  409 

raiing  tables Ann  18,  iv,  p  318;  19, 

iv,  p433;  WS  28,  p  154;  39, 
p  453;  52,  p  521;  66,  p  176 
Logansport,  Ind. 

Upper  Eel  River  near: 

description WS  98,  p  227 

Wabash  River  near: 

description ws  98,  p  225 

discharge ws  98,  p  225 

discharge,  monthly WS  98,  p  227 

gage  heights WS  98,  p  226 

rating  table WS  98,  p  226 

Lolo  Creek: 

in  Bitterroot  Forest  Reserve,  Mont. : 

discharge Ann  19,  iv,  p  460 

near  Lolo,  Mont.: 

discharge WS  51,  p  433 

Lonely  Gulch  Creek  near — 
Lake  Tahoe: 

discharge , ws  loo,  p  232 


Lone  Pine,  Cal. 

Lone  Pine  Creek  at: 

discharge WS  100,  p  225 

Tuttle  Creek  near: 

discharge WS  100,  p  225 

Lone  Pine  Creek  near- 
Lone  Pine,  Cal.: 

discharge WS  100,  p  225 

Lonergan  Creek,  Nebr.: 

discharge Ann  20,  iv,  p  300;  WS  81,  p  93 

Long  Branch  Creek  near— 
McDonough,  Ga.: 

discharge WS  65,  p  263 

Long  Bullet  Creek  near- 
Twine,  N.  C: 

discharge WS  49,  p  217 

Longhatchee  Creek,  Ala.: 

discharge WS  49,  p  210 

Long  Meadow  reservoir  site  in — 
Kings  River  basin,  Cal.: 

description Ann  22,  iv,  p  473 

Long  Pine,  Nebr. 
Bone  Creek  near: 

discharge WS  27,  p  88 

Long  Pine  Creek  near: 

discharge Ann  20,  iv,  p  300; 

WS27,  p88;  39,  p  439;  81,   p  49 
Pine  River  near: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p302 
Pole  Creek  near: 

discharge Ann  20,  iv,  p  302 

Long  Pine  Creek  near — 
Long  Pine,  Nebr.: 

discharge Ann  20,  iv,  p  300; 

WS27,  p88;  39,  i>  439;  84,  p  19 
Longs  Peak,  Colo. 

rainfall  data WS  75,  pp  132,134,137 

Long  Swamp  Creek- 
near  Ball  Ground,  Ga.: 

discharge Ann  19,  iv,  p  252 

near  Revis  Bridge,  Ga.: 

discharge ws  27,  p  45 

Long  Swamp  Creek,  East  Branch,  near — 
Marble  Hill,  Ga.: 

discharge. .  Ann  19,  iv,  p  252;  WS  27,  p  45 
Longtom  reservoir  sites,  Idaho 

area  and  capacity Ann  20,  iv,  p  479 

description Ann  20,  iv,  pp  477-481 

maps Ann  20,  iv,  pp  479, 480 

Long  Valley  Creek  in— 
Carson  River  basin: 

discharge WS  85,  p  125 

Long  Valley  reservoir  project: 

description Ann  13,  iii,  pp  294-297 

Longview,  Tex. 

Sabine  River  near: 

description ws  99,  p  322 

discharge WS  99,  p  322 

Looking  Glass  Creek,  Nebr. 
near  mouth: 

discharge..  Ann  18,  iv,  p  193;  20,  iv,  p  300 
Loomis,  Wash. 

Sinlahekin  Creek  near: 

description WS  100,  p  394 

discharge WS  100,  p  395 

gage  heights , WS  1U0,  p  395 
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Lorclsburg,  Ariz. 

rainfall  data. Ann  12,  ii,  p  301) 

Loreley,  Md. 

Great  Gunpowder  River  near: 

discharge WS  27,  p  24 

Los  Alamos,  N.  Mex. 
Sapello  River  near: 

description WS  99,  pp  249-250 

discharge WS  99,  p  250 

gage  heights WS  99,  p  250 

Los  Angeles,  Cal. 

Los  Angeles  River  near.     See   Los   Angeles 
River. 

rainfall  data Ann  18,  iv,  pp  407, 418; 

WS  100,  pp  339-340 
Los  Angeles  River,  Cal.: 

description Ann  18,  iv,  p  413;  20,  iv, 

p  541;  21,  iv,  p  474;  WS  51,  pp  464-165 

discharge Ann  18,  iv,  pp  414-415, 417;  20, 

iv,  p  543;    WS  28,  p  192;  51,   pp 
464-471;  66,  p  167;  100,  pp  347-348 

discharge,  low-water WS  28,  pp  195-196; 

51,  pp  482,  483 

discharge,  monthly Ann  20,  iv,  p  542 

near  The  Narrows,  Cal.: 

description..  WS  39,  pp  409-410;  66,  p  160 

discharge WS  39,  p  410;  66,  p  L61 

tunnels  near: 

discharge WS  51 ,  p  487 

Los  Angeles  River  basin: 

seepage  measurements WS  100,  p  340 

Los  Mogotes,  Colo. 

Conejos  River  near: 

description WS  37,  pp  278-279; 

50,  p  348;  99,  p  397 

discharge WS  37,  p  279; 

50,  p  348;  99,  p  398 

discharge,  monthly Ann  22,  iv,  p  348; 

99,  p  399 

gage  heights WS  37,  p  279; 

50,  p  348;  99,  p  398 

rating  tables WS  52,  p  519;  99,  p  399 

Los  Moras  Creek,  Tex. 

description WS  50,  pp  344-345;  84,  p  161 

discharge WS  84,  p  161 

discharge,  flood WS  50,  p  344 

Los  Pinos  River  near: 
Ignacio,  Colo.: 

description WS  38,  p  309;  50,  p  382; 

66,  pp  95-96;  85,  p  39;  100,  p  59 

discharge Ann  20,  iv,  p  410; 

WS  38,  p  309;  50,  p  382;  66, 
p  96;  85,  p  40;  100,  pp  59,  94 

discharge,  monthly Ann  21,  iv,  p  299; 

22,  iv,  p  393;  WS  75, 
p  176;  85  p  40;  100  p  61 

gage  heights WS  28,  p  143; 

38,  p  310;  50,  p  383;  66, 
p  96;  85,  p  40;  100,  p  60 

hydrographs Ann  21,  iv,  p  300; 

22,  iv,  p  393 

rating  tables WS  39,  p  452 

52,  p  520;  85,  p  40;  100,  p  60 
Lost  Canyon  Creek,  Cal.,  in— 
Walker  River  Basin: 

discharge WS  100,  p  230 


Lost  Canyon  Creek,  Colo.,  near- 
Dolores: 

discharge WS  66,  p  98;  100,  p  93 

Lost  Canyon  Creek  ditches,  Cal. : 

discharge WS  100,  p  241 

Lost  Canyon  reservoir  site,  Colo.: 

description Ann  18,  iv 

Lost  Creek  near — 
Reliance,  Tenn.: 

discharge WS  49,  p  218 

Lost  River,  Idaho. 

rainfall  data Ann  20,  iv,  pp  470,  471-474 

Lost  River,  Nebr. 

discharge WS  84,  p  112 

Lotts  Creek  near— 
Groveland,  Ga.: 

discharge WS  98,  i>  so 

Lottys  Creek  in— 

Union  Park,  Colo.: 

discharge WS  loo,  p  '.  4 

Loud  ditch  near— 
Henesey,  Ga.: 

discharge WS  49,  p  208 

Loudsburg  mesa  wells 

discharge,  low  water WS  51 ,  | .  is  I 

Louis  Fork  of  Yadkin  River,  N.  C: 

discharge WS  49,  p  203 

Louisville,  Ga. 

Big  Creek  near: 

discharge WS  83,  p  95 

Charles  Creek  near: 

discharge WS  49,  |»  208 

Ogeechee  River  near: 

discharge WS  83,  |  >  95 

Loup  City,  Nebr. 

Middle  Loup  River  near: 

discharge Ann  20,  iv,  p  300; 

Bull  140,  p  117; 
Loup  River,  Nebr.: 

discharge Bull  131,  p  91 

drainage  areas Bull  1 40,  p  1 11 

near  Columbus,  Nebr.: 

description Ann  18,  iv,  p  182; 

Bull  131,  p  32;  140,  p  118;  WS  15, 
p  97;  27,  p  78;  37  pp  240-241;  50,  pp 
306-307;  66,  p  38;  84,    p   55;  99,  p  145 

discharge Ann  18,  iv,  p  182; 

Bull  131,  p  91;  140,  p  118;    WS  15,  p 

97;  27,  p  87;  35,    p  16;  37,  p  241;  50, 

p  307;  66,    p  38;   84,  p  56;   99,  p  146 

discharge,  daily  . . .  Ann  18,  iv,  pp  183-184 

discharge,  flood Ann  18,  iv,  pp  184-188 

discharge,  monthly Ann  18,  iv,  p  187; 

19,  iv,  p  332,  20,  iv,  pp  263,294; 
22,  iv,  p  328;  Bull  140,  p  120; 
WS  75,  p  137;  84,  p  57;  99,  p  147 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  119;  WS 

15,  p  97;  27,  p  85;  37,  p  241;  50, 
p  307;  66,  p  39;  84,  p  56;  99,  p  146 

hydrographs Ann  18,  iv,  p  184;   19, 

iv,  p  333;  20,  iv,  p  295;  22,  iv,  p  328 

rainfall  and  run-off  relation Ann  20, 

iv, p  266 

rating  tables Ann  18,  iv,  p  183; 

19,  iv,  p  331-332;  Bull  140,  p  119; 
WS  39,  p  449;  84,  p  57;  99,  p  147 
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Loup  River,  Nebr.— Continued, 
near  Fullerton,  Nebr.: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  300;  Bull  131,  p  91 
See  also  Middle  Loup;  North  Loup. 
Loup  River  basin: 

description Ann  21,  iv,  p  211 

Loveland,  Ohio. 

Little  Miami  River  near: 

discharge WS  98,  p  232 

Lovell,  Wyo. 

Shoshone  River  near: 

description Ann  20,  iv,  p  249; 

WS  15,  p  76;  27,  p  69;  37.  p  211 

discharge WS  15,  p  76 

discharge,  monthly Ann  19,  iv,  p  292; 

20,  iv,  p249 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights WS  15,  p  76; 

27,  p  73;  37,  p  212 

hydrographs Ann  19,  iv,  p  293; 

20,  iv,  p  249 

ratingtablea Ann  L9,  iv,  p  292; 

WS27,  p76 
Lo\  ells  Creek  near— 
Mounl  Airy,  N.  C: 

discharge WS  98,  p  38 

Lovell's  Kerry,  Wyo. 
Bighorn  River  near: 

discharge Bull  131,  p  91 

Lovelocks,  Ne\  .: 

canals  diverting  water  from  Humboldt 
River  near- 
discharge WS  51,  p  399 

Humboldl  River  near: 

discharge Bull  140,  p  215 

Lovelock  Valley,  Ne\ . 

Humboldt  River  ditches  Ln 

discharge ws  L00,  pp  24  i  247 

Humboldl  storage  projed  in: 
described  and  figured: 

Ann  20,  iv.  pp  lis    154 
Lower  Creek  in — 

i  !atawba  River  basin,  N.  C: 

discharge WS  49,  p  21 15 

Lower  Eel  River  near- 
Cataract,  Ind.: 

description WS  98,  pp  218-219 

discharge ws  98,  p  -P.' 

gage  heights WS98,  p  219 

Lower  Lake,  Cal. 

Cache  Creek  near: 

description WS  66,  p  144; 

85,  pl30;  100,  pp  266  267 

discharge ws  66,  p  ml 

85,  p  130;  100,  pp  267  268 

discharge,  low  water Ann  22,  iv,  p  195 

discharge,  monthly WS  75,  p  211; 

85,  p  132;  100,  p  269 

gage  heights WS  66,  p  1  15; 

85,  p  131;  100,  p268 

rating  tables WS  c>f>,  p  178; 

85,  pl31;  100,  p269 
Lower  Little  River  near — 
Manchester,  N.  C: 

discharge WS  83,  p  51 


Lower  Otay  dam  and  reservoir: 

description  and  plans.  Ann  18,  iv,  pp  637-646 
Lower  Quinnesec  Falls,  Wis. 
Menominee  River  near: 

description WS  S3,  p  255 

discharge,  daily WS  83,  pp  256-257 

discharge,  monthly WS  83,  p  257 

Lower  Stillwater,  Colo. 

Roaring  Fork  of  Yampa  River  near: 

discharge WS  100,  p  103 

Lower  Twin  Lakes,  Colo. 
Lake  Creek  near: 

discharge WS  Ca\,  p  55 

Ludy  Canal,  Ariz.,  in— 

Colorado  River  basin,  at  head: 

discharge WS  100,  p  126 

Lumber  City,  Ga. 

Alligator  Creek  near: 

discharge WS  S3,  p  113 

Little  ( >cmulgee  River  near: 

discharge WS  83,  p  113 

Ocrnulgee  River  near: 

discharge ws  83,  p  113 

Oconee  Creek  near: 

discharge WS  83,  p  113 

Luxapelila  Creek  near— 
Columbia,  Miss.: 

discharge WS83,  pl64;  98,  p  L69 

Lyle,  Wash. 

rainfall  data Ann  20,  iv,  pp  497,  499,  500 

L\  ochburg,  Va. 

rainfall  data WS  75,  pp  45,  48,  50 

Lyon, Idaho 

South  Fork  Snake  River  near: 

description WS100,  pp  449-450 

discharge ws  100,  p  450 

discharge,  monthly WS  100,  p  452 

gage  heights ws  100,  pp  450-451 

rating  table WS  100,  p  451 

Lyons,  <  !olo. 

St.  Vrain  Creek  near: 

description Ann  18,  iv,  p  172; 

Bull  140,  pp  109-110;  WS  15,  p  93; 
27,  p  77;  37,  p  232;  49,  pp  288-289; 
66,  p  34;  84,  pp  81-82;  99,  pp  193-194 

discharge Ann  18,  iv,  p  173; 

Bull  110,  p  110;  WS  15,  p93;  27,p86; 
37,  p  232;  49,  p  289;  66,  p  34;  99,  p  194 

discharge,  monthly Ann  13,  iii,  p  93; 

18,  iv,  p  174;  19,  iv,  p  320;  20,  iv,  pp 
264,  285;  21,  iv,  p  208;  22,  iv,  p  325; 
WS  75,  pp  129, 136;  84,  p  84;  99,  p  195 

discharge,  yearly Ann  20,  iv,  pp  54-55 

gage  heights Bull  140,  p  110; 

WS  11,  p  55;  15,  p  93;  27, 
p  83;  37,  pp  232-233;  49,  p 
289;  84,  pp  82-83;  99,  p  194 

hydrographs Ann  13,  iii,  p  88; 

19,  iv,  p  321;  20,  iv,  p  286;  21,  iv,p  209 

rainfall  and  run-off  relation Ann  20, 

iv,  p266 

rating  tables Ann  18,  iv,  p  173; 

19,  iv,  p  320;  WS  27,  p  89; 
39,  p  448;  52,  p  517;  66,  p 
171;    84,    p  83;    99,   p  195 
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Lyons,  Colo.— Continued, 
supply  ditch  at: 

description WS  99,  pp  195-196 

discharge WS  99,  p  196 

discharge,  monthly WS  99,  p  197 

gage  heights WS  66,  p  35;  99,  p  196 

rating  table WS  99,  p  197 

Lyons,  Ga. 

Pendleton  Creek  near: 

discharge WS  98,  p  102 

Swift  Creek  near: 

discharge WS  98,  p  103 

Lyons  Falls,  N.  Y. 

Black  River  near:    . 

discharge,  flood "WS  65,  p  105 

Lytic  Creek,  Cal. 

description Ann  20,  iv,  pp  655-556; 

21,  iv,  pp  481-482;  WS  39,  pp  413,414 

discharge. WS  28,  p  192;  39,  pp  414-417 

discharge,  daily WS  66,  pp  162-163 

discharge,  low-water..  WS  28,  p  194;  39, p 434 

discharge,  monthly Ann  20*  iv,  p  556 

neaj;  Millers  Narrows,  Cal.: 

diurnal  variation,  diagram  ..  Ann  22, -iv, 

p498 
near  mouth  of. canyon: 

discharge WS  100,  p  351 

near  Rial  to  Canal,  Cal.? 

discharge WS  85,  p  179 

discharge,  monthly WS  75,  p  223 

near  San  Bernardino,  Cal.: 

discharge Ann  18,  iv,  p  417 

Lytle  Creek  and  Rialto  Canal  in— 
Santa  Ana  River  basin,  Cal.: 

discharge WS  100,  p  351 

Lytle  Creek  canals,  Cal. 
at  intake: 

discharge,  monthly Ann  21,  iv,  p  483 

Lytle  Creek  ditches  Cal. 

discharge Ann  20,  iv,  p  557 

Lytle  Creek  rock  fill  dam,  Cal.  : 

description Ann  18,  iv,  p  648 

M. 

McCall  Ferry,  Pa. 

Susquehanna  River  near: 

description WS  97,  pp  266-268 

discharge WS  97,  pp  268-269 

discharge,  monthly WS  97,  p  272 

gage  heights WS  97,  p  270 

rating  table WS  97,  p  271 

See  also  WS  109. 
McCammon,  Idaho 

Portneuf  River  near: 

description Ann  18,  i v,  pp  333-334 

discharge Ann  18,  iv,  p  334 

discharge,  monthly Ann  18,  iv,  p  334 

gage  heights WS  11,  p  79 

rating  table Ann  18,  iv,  p  334 

McCays,  Tenn. 

Okoee  River  near: 

description WS  98,  pp  259-260 

discharge WS  98,  p  260 

discharge,  monthly WS  98,  p  262 

gage  heights WS  98,  p  261 

rating  table WS  98,  p  261 


McCloud  Creek,  Cal. 

discharge WS  66,  p  167;  85,  p  156 

near  Gregory,  Cal.: 

description WS  100,  pp  276-277 

discharge WS  100,  p  277 

gage  heights "WS  100,  p  277 

near  Johns  Camp,  Cal.: 

gage  heights WS  100,  p  278 

McConnellsville,  N.  Y. 
Fish  Creek  near: 

discharge,  flood WS  65,  p  108 

discharge,  monthly WS  35,  p  24 

West  Branch  of  Fish  Creek  near: 

description "WS  36,  pp  186-187; 

49,  p227;  65,  p  108 

discharge WS  49,  p  227 

discharge,  daily WS  36,  p  187; 

49,  pp  228-229;  65,  p  109 

discharge,  monthly Ann  22,  iv,  p  218; 

WS  65,  pp  109-110 

hyilrograph Ann  22,  iv,  p  249 

McCook,  Nebr. 

Republican  River  near: 

discharge..  Ann  19,  iv,  p  351;  20,  iv,p302; 
WS39,p440;50,p311;66,p43;84,pll3 
McDonald,  Wash. 
Elwha  River  near: 

description WS  16,  p  183;  28,  p  171; 

'      38,  pp  384-385;  51,  p  447;  66,  p  139 

discharge WS  16,  p  183;  28,  p  176; 

38,  p  385;  51,  pp  447,  450;  66,  p  139 

discharge,  monthly Ann  20,  iv,  p  521; 

21,  iv,  p  439;  22,  iv,  p459;  WS75,  p  207 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  16,  p  183; 

28,  p  174,  38,  p  385;  51,  p  448;  66,  p  140 

hydrographs Ann  20,  iv,  p  521; 

21,  iv,  p  440;  22,  iv,  p  459 

rating  tables WS  28,  p  176; 

39,  p  455;  52,  p  523;  66,  p  177 
Little  River  near: 

discharge WS  51 ,  p  450;  66,  p  142 

McDonald  Lake,  Mont.: 

description Ann  22,  iv,  pp  439-441 

McDonald  Lake,  Tex.: 

cross  sections Ann  19,  i  v,  p  380 

description Ann  19,  iv,  pp  376-379 

silt  accumulations....- Ann  19,  iv,  p  379 

soundings Ann  19,  iv,  p  379 

McDonough,  Ga. 

Camp  Creek  near: 

discharge WS  65,  p  263 

Long  Branch  Creek  near: 

discharge WS  S5,  p  263 

McDowell,  Ariz. 
Salt  River  near: 

descri  ption Ann  19,  iv,  pp  418-419; 

WS  16,  p  148;  28,  p  133;  38, 
p321;  50,  pp  386-387;  66,  p  101; 
85,    pp    23-24;     100,    pp    36-37 

discharge Ann  19,  iv,  p  419;  WS  16, 

p  148;  28,  p  143;  38,  p321;  66, 
p    102;    85,  p24;    100,  pp  38-39 

discharge,  monthly Ann  20,  iv,  p  406; 

21,  iv,  p  386;  WS  75,  p 
179,  85,  p  25;  100,  p  41 
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McDowell,  Ariz.— Continued. 
Salt  River  near— Continued. 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights WS  16,  p  149;  28,  p  140; 

38,  p  322;  66,  p  102;  85,  p  25;  100,  p  40 

hydrographs Ann  19,  iv,  p  423; 

20,  iv,  p  406;  21,  iv,  p  387 

rating  tables Ann  19,  iv,  p  419; 

WS  28,  p  145;  100,  pp  40-41 
Verde  River  near: 

description Ann  19,  iv,  pp  420-421; 

Bull  131,  p  19;  WS  16,  p  150;  28, 
p  133;  38,  p  323;  50,  p  387;  66, 
pp  102-103;  85,  p  21;  100,  pp  31-32 

discharge WS  16,  p  150;  38,  p  323; 

66,  p  103;  85,  p22;  100,  pp  33-34 

discharge,  monthly Ann  11,  ii,  p  100; 

19,  iv,p423;  20.  iv,  p407;  21,  iv. 
p  387;  WS  75,  p  177:  100,  p  36 

discharge,  yearly Ann  20,  iv,  59 

gage  heights Bull  131,  p  51;  WS  16, 

p  150;  28,  pp  111.  143;  38,  p  324; 
66,    p  103;  85,   p  23;  100,  p  35 

hydrographs Ann  19,  iv,  p  123; 

20,  iv,  p  107;  21,  i\.  p  388 

rating  talile- Ann  19,  iv,  p  422 

McDowell  reservoir  project,  Ariz.: 

description Ann  18,  Lv,  pp  718-719 

Mel  }ee  <  Ireek  near- 
Bishop,  Cal.: 

discharge ws  100,  p  225 

McGhee,  Tenn. 

Little  Tennessee  River  near: 

discharge ws '.is.  p293 

Machias  River  near— 
Whitneyville,  Me.: 

description ws  97,  p24 

discharge ws  '.it,  p24 

gage  heights ws  97,  p24 

Machias  i:i\  er  drainage  basin; 

description ws  97,  p  23 

Mcintosh  <  !reek  near— 
Waynesboro,  <;a.: 

discharge ws  98,  p  71 

Mackay,  Idaho 

His-r  Lost  River  near: 

description WS  L00,  p  117 

gage  heights ws  100,  p447 

McKay  Creek  near— 
Pendleton,  <  >reg.: 

description ws  100,  p  365 

discharge ws  100,  p  365 

gage  heights ws  100,  p  366 

McKeever,  N.  Y. 

Moose  River  below: 

description ws  65,  pp  98  99 

McKinney  Creek  near — 
LakeTahoe: 

discharge WS  100,  p  232 

McMahon  River  near- 
Steel,  Ohio: 

description WS  98,  p  236 

discharge ws  98,  p  236 

gage  heights WS  98,  p  236 

McMahon  River  drainage  basin: 

description ws  98,  p  236 


McNally  Canal  near- 
Bishop,  Cal.: 

description WS  100,  p  213 

discharge WS  100,  p  213 

McNeils,  N.  C. 

Little  Rockfish  Creek  near: 

discharge WS  98,  p  30 

Big  Rockfish  Creek  near: 

discharge WS98,  p30 

Macon,  Ga. 

Ocmulgee  River  near: 

description Ann  18,  iv,  pp  79-80; 

19,  iv,  p  230;  Bull  140,  p  74;  WS  15,  p 
44;  27,  p  32;  36,  pp  136-137;  48,  p  155; 
65,    p   264;    83,      p    107;    98,    pp    94-95 

discharge Ann  18,  iv,  p  80; 

19,  iv,  pp  230-231;  Bull  140,  p  75; 
WS  15,  p  11:  27,  p  44;  36,  p  137; 
is.  pl55;  65,p265;  83,pl07;  98,  p95 

discharge,  low  water Ann  18,  iv,p  84 

discharge,  monthly..  Ann  18,  iv,  pp  82-83; 
19,  iv,p232;  20,  iv,  pp  161,171; 
21,  iv,  p  139;  22,  iv,  p  172; 
WS  75,  p  75;  83,  p  109;  98,  p  97 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights Bull  140,  p  75; 

WS  11,  pp  21-23:  15,  p  14;  27, 
p  43;  36,  p  137;  18,  p  156;  65, 
P  265;  83,  p  108;  98,  pp  95-96 

hydrographs Ann  18,  iv,  p  84; 

19,  iv,  p233;  20,  iv.  p  172; 
21,  iv,  p  139;  22,  iv,  p  17:; 

rainfall  and  run-on"  relation Ann  20, 

iv,  p  161 

rating  tables Ann  18,  iv,  pp  81-82; 

19,  iv.  p  232;  WS  27.  p  46;  39,  p  444; 
»2,  p  513;  65,  p321;  83,  p  109;  98,  p  96 

rainfall  data WS  75,  pp  72,  73 

McPherson,  Kans. 

rainfall  data Ann  20,  iv,  pp  326,  327,  330 

Mad  River  near 
Vance,  Cal.: 

discharge ws  100,  p  305 

Madden  Creek  near- 
Lake  Tahoe: 

discharge WS  100,  p  232 

Madison,  Nebr. 

Union  Creek  near: 

discharge..  Ann  is,  iv,  p  193;  20,  iv,  p303 
Madison,  N.  C. 

Dan  River  near: 

description  .  WS  98,  pp  16-17 

discharge ws '.is.  p  17 

gage  heights WS  98,  pp  17-18 

Madison,  S.  C. 

Tuga loo  River  near: 

description...  WS27,  p  28;  36,  pp  127-128; 
is,  p  149;  65,  p  252;  98,  pp  67-68 

discharge WS  36,  p  128;  48,  p  149; 

65,  p  252;  98,  p  68 

discharge,  monthly Ann  20,  iv,  p  162; 

21,  iv,  pl31;22,iv,pl60; 
'WS  75,  p  63;    98,  p  69 

gage  heights WS  27,  p  40;  36,  p  128; 

48,  p  149;  65,  p  253;  98,  p  69 
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Madison,  S.  C— Continued. 

Tugaloo  River  near— Continued. 

hydrographs Ann  20,  iv,  p  162; 

21,  iv,  p  131;  22,  iv,  p  160 

rating  tables WS  27,  p  46;  39,  p  441; 

52,  p  513;  65,  p  320;  98,  p  69 
Madison,  Wis. 

Cattish  River  near: 

description WS  83,  pp  170-171; 

98,  pp  196-197 

discharge WS  83,  pl71;  98,  p  197 

gage  heights WS  83,  p  171;  .98,  p  197 

Lake  Mendota  near: 

gage  heights WS  98,  p  198 

Madison  River,  Mont. 

description Ann  20,  iv,  pp  235-236; 

21,  iv,  p  185;  22,  iv,  pp  283-284 
near  Norris,  Mont.: 

description WS  99,  p  130-131 

discharge WS  99,  p  131 

discharge,  monthly WS  99,  p  132 

gage  heights WS  99,  pp  131-132 

rating  table WS  99,  p  132 

near  Red  Bluff,  Mont.: 

description Ann  14,  ii,  pp  102-103; 

19,  iv,  p  279;  Bull  131,  pp  18-19; 
WS  15,  p  69;  27,  p  68;  37,  p  205; 
49,  p  263;   66,  pp  18-19;   84,  p  46 

discharge Ann  11,  ii,  p  41;  Bull  131, 

p   90;  WS  15,   p  69;  27,  p  74;  37, 
p  205;  49,  p  263;  66,  p  19;  84,  p  46 

discharge,  monthly Ann  11,  ii,  p  94; 

12,  ii,  pp  346,  360;  13,  iii,  p  92;  14, 

ii,   p  103;    19,  iv,    p   280;  20,  iv, 

pp  234,  236;  21,  iv,  p  186;   22,  iv, 

.     p  284;  WS  75,  pp  116, 119;  84,  p  47 

discharge,  yearly Ann  13,  iii,  p  99 

20,  iv,  p  53 

gage  heights Bull  131,  p  20; 

WS  15,  p  69;  27,  p  71 ;  37,  p  206; 
49,  p  264;    66,  p  19;  84,    p  46 

hydrographs Ann  13,  iii,  p  48: 

19,  iv,  p280;  20,  iv,  p237; 
21,  iv,  p  186;  22,  iv,  p  284 

rainfall  and  run-off  relation Ann  20, 

iv,  p  235;  WS  75,  p  118 

rating  tables Ann  19,  iv,  p  279; 

Bull  131,  p   19;  WS  27,  p  75;  39, 
p446;  52,  p  516;  66,  pl70;  84,  p  47 
near  Threeforks,  Mont.: 

description Ann  18,  iv,  pl31; 

Bull  131,  pp  20-21;  140,  p  91;  WS15,  p70 

discharge Ann  11,  ii,  p  107;  13,  iii, 

p38;  18,iv,pl32;  20,  iv,  p244;  Bull  131, 

pp  21,  90,  92;   140,  p  91;   WS  15,  p  70 

discharge,  monthly Ann  18,  iv,  p  133, 

20,  iv,  pp  234,  236;  Bull  140,  p  92 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights Bull  131,  p  21 ; 

140,  p  92;  WS  11,  p  49;  15,  p  70 

hydrographs Ann  18,  iv,  p  134 

rainfall  and  run-off  relation Ann  20, 

iv,  p  235 

rating  table Ann  18,  iv,  pp  132-133 

Madison  River  basin: 

description Ann  11 ,  ii,  pp  39-40 

irrigation  surveys Ann  13,  iii,  pp  46-49 


Mad  re  ditch  at— 
Del  Rio,  Tex.: 

discharge WS  28,  p  130 

Magic  Hill,  Cal. 

rainfall  data WS  39,  pp  437,  438; 

52,  pp  495,  496;  6(i,  pp  168,  169 
Mahoning  River  near- 
Alliance,  Ohio: 

discharge Ann  20,  iv,  p  198 

Warren,  Ohio: 

discharge. Ann  20,  iv,  p  198 

Youngstown,  Ohio: 

description ws  98,  p  238 

discharge Ann  20,  iv,  p  198; 

WS  98,  p  239 

gage  heights WS  98,  p  239 

Mahoning  River  and  French  Creek — 

description Ann  20,  i  v,  pp  197-198 

Mahoning  River  drainage  basin: 

description WS  98,  p  238 

Mahwah,  N.  J. 

Ramapo  River  near: 

description ws  i»7,  p  229 

discharge WS  82,  p  127;  97,  p  229 

gage  heights WS  97,  p  230 

Main,  Mont. 

St.  Mary  River  at: 

description ws  66,  pp  14-15; 

75,  p  113;  85,  p  226 

discharge WS  49,  p  269; 

66,  p  15;  85,  p  227;  100,  p  504 

discharge,  monthly WS  75,  p  113; 

85,  p  228 

gage  heights WS  66,  p  15;  85,  p  227 

rating  tables WS  66,  p  170;  85,  p  228 

Swiftcurrent  Creek  near: 

discharge WS  66,  p  15 

Maine: 

lake  storage  in: 

description Ann  19,  iv,  pp  37-39 

Maine  rivers: 

power  statistics Ann  19,  iv,  pp  42-43 

water  powers  in WS  69,  pp  1-124; 

82,  pp  11-12 
Malade  River,  Idaho: 

description Ann  1 1 ,  i i ,  p  S3 ;  WS  51 ,  p  426 

near  Bliss,  Idaho: 

description WS  38,  p  355 

discharge WS  38,  p  355 

discharge,  monthly Ann  21,  iv,  p  408 

gage  heights WS  38,  p  355 

hydrograph Ann  21,  iv,  p  409 

.  rating  table WS  39,  p  453 

near  Hailey,  Idaho: 

discharge Ann  11,  ii,  p  83 

near  Toponis,  Idaho: 

description Ann  18,  iv,  pp  336-337; 

WS  16,  p  165:  28,  p  155;  38,  p  354 

discharge Ann  18,  iv,  p  337; 

WS  16,  p  166;  28,  p  168;  38,  p  354 

discharge,  monthly Ann  18,  iv,  p  338; 

19  iv,  p449;  20,  iv,  pp 
473,  477;  21,  iv,  p  407 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights WS  1 1 ,  p  79; 

16,  p  166;  28,  p  160;  38,  p  354 
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Malade  River,  Idaho— Continued. 
near  Toponis,  Idaho— Continued. 

hydrographs Ann  20,  iv,  p  177: 

21,  iv.  p  108 

rating  tables Ann  18.  iv.  p  338; 

19,  iv,  p  448:  WS  28,  l>  169;  39,  p  453 
Malade  River  basin,  Idaho: 

description Ann  21,  iv,  p  409 

Malheur  Lake  at— 
Narrows,  Oreg.: 

description ws  100,  p  429 

gage  heights WS  100,  p  430 

Malheur  River,  Oreg.: 

discharge,  Hood Ann  11,  ii,  p  87 

near  Harper  ranch,  ( >reg.: 

description ws  100,  pp  427-42* 

discharge WS  100,  p  128 

gage  heights ws  100,  p  128 

near  Ontario.  Oreg.: 

description WS  100,  pp  423   124 

discharge ws  loo.  p  124 

gage  heights ws  loo.  p  iji 

near  Vale  <  Ireg.: 

description Ann  18,  iv,  p  348;  Bull  131, 

p  68;  140,  p242;  WS  It'.. 
p   109:    100,   pp  424    125 

discharge Ann  11,  ii,  p  88;  18,  iv,  p 

348;  Bull  I31,pp68,92;  1  10, p 
212;  WS  10.  p  169;  loo.  p  125 

discharge,  monthly Ann  11,  ii,  p  106; 

12.  ii,  pp  358,  361;  13,  iii,  p  98; 
18,  iv,pp349  350;  ws  100,  p  127 

discharge,  yearly Ann  13, 

iii,  p99;  20,  iv.  p  62 

gage  heights Bull  no.  p  243; 

WS  11.  p  83;  16,  pl69;  100,  p  426 

hydrograph Ann  12,  ii,  p  314 

rating  tables Ann  18, 

iv.  p349;  WS  100,  p  126 
Malheur  River  basin,  Oreg.: 

description Ann  11,  ii,  pp  87-88 

Malibu  Creek  near— 
CalabasaS,  «'al.: 

description WS  100,  pp  322-323 

discharge WS100,  p  323 

discharge,  monthly WS  loo.  p  325 

gage  heights WS100,p324 

rating  table  WSl00,pp324  325 

Mallorys  Creek  in— 

James  River  basin,  Va.: 

discharge Annl9,iv,  pl71 

Malott.Wash. 

Salmon  Creek  near: 

description WS  100,  pp  389-390 

iarge ws  I00,p390 

discharge,  monthly WS100,p392 

gage  heights ws  I00,p391 

rating  table WS  100,  p  391 

.Malta.  Mont. 

Milk  River  near: 

description WS  84,  pp  26-27;  99,  p  103 

discharge WS  84,  p  27;  99,  p  104 

discharge, monthly  .  WS84,p28;  99, p  106 
gage  heights . .  WS  84,  p  27;  99,  pp  104-105 
rating  tables WS  84,  p  28;  99,  p  105 


Malvern,  Ark. 

Ouachita  River  near: 

description WS99,pp318  314 

discharge ws  '.to,  p  :;i4 

gage  heights iWS-$9,pp314  315 

Manaelie  Meadows  reservoir  site,  Oal.: 

description Ann  18,  iv,  pp  703-705 

Manantieo  Creek,  X.J.: 

description ws  65,  p  213 

Manantieo  Creek  and  tributaries,  N.J. 

discharge,  miscellaneous WS  65, p  213 

Manchester,  Iowa 

Maquoketa  River  near: 

description  WS99,pl8 

discharge ws99,p  18 

gage  heights .' ws99,pl8 

Manchester,  N.  H. 

Merrimac  River  near: 

description ws  35,  p  34 

Manchester,  N.C. 

lower  Little  River  near: 

discharge WS  83,  p  51 

Mancos,  Colo. 

Mancos    River  at.     See   Mancos  River   near 
Mancos.  Colo. 
ManCOS  Canyon,  Colo. 
dam  sites  in: 

diagrams Ann  21,  iv, 

pp2S8,  2S9,  290,  291,  292 

map Ann  21 ,  iv,  p  287 

reservoir  sites  in: 

description Ann  21,  iv,  pp  286-297 

maps Ann  21,  iv, 

pp  288,  289,  290,  291,  292 
Mancos  Rivei  near— 
Mancos,  Colo.: 

description Ann  20,  iv,  p  404; 

21,  iv,  p  284;   WS28,  ]»  131; 
lis,  p  312;  50,  p  384;  66,  p  97 

discharge WS  28,  p  142; 

38,  p  312;  50,  p  385;  66,  p  97;  85,  p  77 

discharge,  monthly Ann  20.  iv,  p  101; 

WS    28,    p.    142 

gage  heights WS  28,  p  137; 

38,  p312;  50,  p  385;  66,  p  98 

hydrographs  Ann  21,  iv,  pp  285,  286 

rating  tables WS  28,  p  144;  39,  p  152 

Manhattan,  Kims. 
Mine  River  near: 

description Ann  18,  iv,  pp  215-216; 

Bull  1 40,  p  144;  WS  16,  p  115; 
27,  p  90;  37,  p  252;  50,  p  317; 
66,  p46;  84,  p  97-98;  99,  p  211 

discharge Ann  18,  iv,  p  210; 

Bull  140,  p  144;  WS  16,  p  115; 
27,  p  95;  37,  p  252;  50,  p  317; 
66,  p  46;  84,  p  98;  99,  p  212 

discharge,  monthly Ann  18,  iv,  p  218; 

19,  iv,  p  348;  20,  iv,  pp  312,  319; 
21,  iv,  p  227;  22,  iv,  p  337; 
WS  75,  p  143;  84,  p  99;  99,  p  213 

discharge,  yearly Ann  20,  iv,  p  E6 

gage  heights Bull  140,  p  1 15; 

WS  11,  p  59;  16,  p  115;  27,  p  94;  37,  p  253; 
50,  p  318;  66,  p  46;.  84,  p  98;  99,  p  212 
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Manhattan,  Kans.— Continued. 
Blue  RiveMiear—  Continued. 

hydrographs Ann  18,  iv,  p  219; 

19,  iv,  p  349;  20,  iv,  p  319; 
21,  iv,  p  227;  22,  iv,  p  337 

rainfall  and  run-off  relation Ann  20, 

iv,  p  313 

rating  tables Ann  18,  iv,  p  217; 

19,  iv,  p  348;  WS  27,  p  96;  39,  p  449; 
52,  p  518;  66,  p  172;  84,  p  99;  99,  p  213 

rainfall  data Ann  20,  iv,  pp  306,  311,  313 

Manistee  River  near- 
Sherman,  Mich.: 

description WS  97,  pp  410-441 

discharge WS  97,  p  441 

gage  heights WS  97,  p  441 

Mankato,  Minn. 

Minnesota  River  above: 

description WS  99,  pp  15-16 

discharge WS  99,  p  16 

gage  heights WS  99,  p  17 

Manti  Creek  near— 
Manti,  Utah: 

description WS  51,  p  424 

discharge "WS  51,  p  424 

discharge,  monthly Ann  21,  iv,  p  418 

gage  heights WS  51,  p  424 

Manuelitos  River  near— 
Sauello,  N.  Mex.: 

description WS  99,  p  252 

gage  heights WS  99,  p  253 

Manville  canal,  Colo. 
at  head  gate: 

discharge WS  99,  p  311 

Manzana,  Cal. 

rainfall  data Ann  19, 

iv,  pp  538, 539;  20,  iv,  pp  560, 561 
Manzanola,  Colo. 

Arkansas  River  near: 

description WS  28,  p  108 

discharge WS  28,  p  116 

gage  heights WS  28,  p  112 

Maple  Creek  in- 
Broad  River  basin,  N.  C: 

discharge WS  49,  p  205 

Mapleton,  Utah 

Spanish  Fork  near: 

description..  WS  51,  p  415;  66,  pp  122-123 

discharge WS  51,  p  415;  66,  p  123 

discharge,  monthly WS  75,  p  194 

gage  heights WS  51,  p  416;  66,  p  123 

rating  table WS  66,  p  176 

Maple  Valley,  Wash. 
Cedar  River  near: 

description WS  85,  pp  218-219 

discharge WS  85,  p  219 

gage  heights WS  85,  p  219 

Ma  juoketa  River  near — 
Manchester,  Iowa: 

description WS  99,  p  18 

discharge WS  99,  p  18 

gage  heights WS  99,  p  18 

Maquoketa  River  basin: 

description WS  99,  p  17 

Maquoketa  River,  North,  near — 
Cascade,  Iowa: 

discharge WS  99,  p  18 


Maquoketa  River,  South,  near — 
Monticello,  Iowa: 

discharge WS  99,  p  18 

Marais  des  Cygnes  River  near — 
Ottawa,  Kans.: 

description " WS  84,  p  14 

discharge WS  84,  p  14 

gage  heights WS  84,  p  15 

Marble  Falls  in — 
Colorado  River: 

discharge WS  84,  p  152 

Marble  Hill,  Ga. 

East  Long  Swamp  Creek  near: 

discharge  ...  Ann  19,  iv,  p  2;  "WS  27,  p  45 
Margueretta  Flume  near — 
Pecos,  Tex.: 

description . .  WS  84,  pp  168-169;  99,  p  355 

discharge WS  50,  p  360; 

66,  p77;  84,  p  169 

gage  heights WS  50,  p  361; 

84,  p  171;  99,  p  357 
Pecos  River  near: 

discharge WS  28,  p  130 

gage  heights "WS  28,  p  125 

rating  table WS  99,  p  358 

Marias  River,  Mont. : 

irrigation  surveys Ann  13,  iii,  pp  59-60 

near  Shelby,  Mont.: 

description WS  84,  p  32; 

99,  pp  112-113 

discharge WS  66,  p  23; 

84,  p33;  99,  p  113 

discharge,  monthly WS  84, 

p  34;  99,  p  115 

gage  heights WS  84,  p  33; 

99,  pp,  113-114 

rating  tables WS  84,  p  34;  99,  p  114 

Maricopa,  Ariz. 

rainfall  data Ann  12,  ii,  p  300 

Marietta,  Ga. 

rainfall  data Ann  20,  iv,  pp  177,  179,  181 

Marietta,  N.  C. 

North  Saluda  Creek  near: 

discharge WS  49,  p  206 

Marion,  Ohio. 

Little  Sciota  River  at: 

discharge,  low  water Ann  20, 

iv,  pp  214-215 
Marion,  Va. 

Hungry  Mother  Creek  near: 

discharge "WS  49,  p  215 

rainfall  data Ann  20,  iv, 

pp  199,  201,  202 
Staley's  Creek  near: 

discharge WS  49,  p  215 

Mariposa  and  other  creeks,  Cal.: 

description Bull  140,  pp  295-296 

Mariposa  Creek,  Cal.: 
at  base  of  foothills: 

discharge Bull  140,  pp  311,  312 

Markham  Arroyo,  Colo, 
at  mouth: 

discharge "WS  99,  p  311 

Marlington,  W.  Va. 

rainfall  data Ann  20,  iv,  pp  199,  201,  202 
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Marquette,  Mich. 
Carp  River  near: 

description WS  83,  p  248;  97,  p  485 

discharge WS  83.  p  248 

discharge,  daily WS  83, 

p249;  97,  p  486 

discharge,  monthly WS  83, 

p  249;  97,  p  486 

rainfall  -lata WS  83,  p  246; 

Ann  20.  iv.  pp  257,  262,  265 
Marquette,  Wyo. 

South  Fork  Shoshone  River  near: 

description WS  99,  pp  85-86 

discharge WS99,  p  86 

discharge,  monthly WS  99,  p  87 

gage  heights ws  99,  pp  86-87 

rating  table WS  99,  p  87 

Stinking  Water  River  near: 

discharge Bull  131,  p  91 

Marshal],  Colo. 

South  Boulder  Creek  near: 

description Ann  18,  iv,  p  169; 

Bull    140,    pp    107-108;    ws 
15,  p91;  27.  p  77:  37,  pp  229 
230;  49,  pp      6  287;  66,  p  32 

discharge mn  18,  iv,  p  L69; 

Bull  110,  p  10  :  WS  15,  p91;  27, 
p  86;  37,  p230;   19,  p  287;  66,  p  32 

discharge,  monthly Ann  18,  iv, 

p  17o:  L9,  iv.  p  318;  20,  iv, 
p  287;  21,  iv.  p  206;  22,  iv. 
p  323;  WS  75,  pp  128,  136 

discharge,  yearly Ann  20,  iv,  p  54 

heights Bull  1  in.  p  L08: 

WSll.  p54;  15,  p91;  27,p82; 
37,  p  230;   19,  p  287;  66,  p  33 

hydrographs Ann  19,  i\ .  p  318; 

20,  is .  p  288;  21,  i\ .  p  206;  22,  i\ .  p  323 

rating  tables Ann  18,  iv,  p  170; 

19,  iv,  p  318;  WS  27,  p 
89;  39,  p   lis:  66,  p  171 
Marshall,  N.  <  . 

French  Broad  River  near: 

discharge Bull  140,  p  81 

ihalltown,  Iowa. 
Iowa  River  near: 

description ws  99,  p  27 

discharge ws  <u  p27 

gage  heights ws  99,  p  28 

Marshallville,  Ga. 

rainfall  data WS  75,  pp  72,  74 

Marsh  Ron  near— 
Hagerstown,  M<1.: 

discharge Ann  19,  iv,  p  149 

Marsland,  Nebr. 

Niobrara  River  near: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  301 ;  WS  27,  p  88;  50,  p  31 1 
Martin  Creek,  Tenn.,  near— 
Erwin: 

discharge WS  49,  p  213 

Martins  Creek,  N.  C,  near- 
Murphy: 

discharge WS  98,  ]>  293 

Martin  ('reck,  New,  in— 
Humboldt  River  basin: 

discharge WS  100,  p  226 


Martindale,  Mont. 

North  Musselshell  River  near: 

discharge Ann  11,  ii,  p  107 

South  Musselshell  River  near: 

discharge Ann  11,  ii,  p  107 

rainfall  data Ann  20,  iv,  pp  232,  233,  235 

Martinsburg,  \Y.  Va. 

rainfall  data Ann  20,  iv,  pp  117,  118,  121 

Mart  is  Creek,  Cal.: 

discharge. .  Ann  11,  ii.pp  65,  108;  WS  51,  p  405 
Marvine  Creek  near— 
Buford,  Colo.: 

description WS  100,  p  101 

discharge ws  loo,  p  102 

discharge,  monthly WS  Km,  p  L02 

gage  heights ws  LOO,  p  L02 

rating  table WS  100,  p  102 

Marys  River  near — 
Deeth,  New: 

description ws  85,  p  106;  100,  p  165 

discharge WS  85,  p  L06;  100,  p  L65 

discharge,  monthly ws  100,  p  L67 

gage  heights WS  85,  p  106;  100.  p  L66 

ratin- table WS  100,  p  166 

Marysvillc,  Idaho. 
Fall  River  near: 

description WS  85,  pp  215-216; 

100,  pp  457-458 

discharge ws  85,  p  216;  100,  p  458 

gage  heights WS85,  p216;  100,  p  158 

Warm  River  near: 

discharge ws  urn,  p  ltd 

Masons  Ranch,  Nev. 

South  Fork  Humboldt  River  near: 

description Ann  18,  iv,  p  311; 

WS  16,  p  L56;  28,  p  116;  38, 
pp  327-328;  51,  p  39(1;  66,  p 
105;   85,    p    101:   100,  p  161 

discharge Ann  18,  iv,  p  311; 

WS  16,  pl56;  28,  p  153; 
38,  p  328;  51,  p  396;  66, 
p  L05;  85,pl02;  100,pl61 

discharge,  monthly Ann  19,  iv,  p  130; 

20.  iv,  p  440;  21,  iv,p391; 
22,  iv,  p  400;  WS  75,  p 
182;  85,  p  108;  100,  p  163 

discharge,  yearly Ann  20,  iv,  p  60 

gage  heights ws  11,  p  76; 

16,  pl56;  28,  pp  148-149; 
38,  p  328;  51,  p  397;  66,  p 
106;  85,  p  102;  100,  p  162 

hydrographs Ann  19,  iv,  p  430; 

20,  iv,  ]>  441;  21,  iv,  p  391:  22,  iv,  p  400 

rating  tables Ann  19,  iv,  p  429; 

WS  28,  p  151;  39,  p  152;  52,  p  520; 
*  66,   p  174;   85,  p  102;   100,   p  162 

Masonry  dams: 

described  and  figured..  Ann  18, iv, pp 661-693 
Mason  Slough  in— 

Walker  River  basin: 

discharge ws  85,  p  125 

Mason  Valley,  New— 
ditches  in: 

discharge WS  100,  pp  243-244 

Massena  Springs,  N.  Y. 
Raquette  River  near: 

description WS  97,  p  359 
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Hasten  ditch,  Cal.    See  Susanville. 
Mathews  Creek,  Nebr. : 

discharge Ann  20,  iv,  p  301 

Mattagamon  River,  Me.: 

description Ann  19,  iv,  p  65 

Mattawamkeag  Me. 

Mattawamkeag  River  at.     See  Matta- 
wamkeag River. 
Mattawamkeag  River,  Me.: 

description Ann  19,  iv,  pp  64-65 

near  Mattawamkeag,  Me: 

description WS  82,  pp  22-23;  97,  p  35 

discharge WS  82,  p  23;  97,  p  35 

discharge,  daily WS  97,  p  37 

discharge,  monthly WS  97,  p  38 

gage  heights WS  82,  p  23;  97,  p  36 

rating  table WS  97.  p  36 

Matthew  reservoir  site  in— 
Salinas  River  basin,  Cal.: 

description Ann  22,  iv,  p  486 

Mattoax,  Va. 

Appomattox  River  near: 

description WS  48,  p  126; 

65,  p  238;  82,  p  193;  97,  p  325 

discharge WS  48,  p  126; 

65,  p  238;  82,  p  193;  97,  p  325 

discharge,  monthly WS  75,  pp  44,  49; 

82,  p  195;  97,  p  327 

gage  heights WS  48,  p  127; 

65,  p  239;  82,  p  194;  97,  p  326 
rainfall  and  run-off  relation. .  WS  75,  p  50 

rating  tables WS  65,  p  319; 

82,  p  195;  97,  p  327 
Maumee  River  near — 
Sherwood,  Ohio: 

description WS  97,  p  429 

discharge WS  97,  p  429 

gage  heights WS  97,  p  430 

Waterville,  Ohio: 

description  ..  WS  27,  p  66;  36,  pp  178-179; 
49,  p  220;  65,  p  313;  83,  p  239 

discharge WS  27,  p  68; 

36,  p  179;  49,  p  220;  65,  p  313 

discharge,  monthly Ann  22,  iv,  p  240; 

WS  75,  p  no 

gage  heights WS  27,  p  67 ; 

36,  p  179;  49,  p  220;  65,  p  314 

hydrograph Ann  22,  iv,  p  241 

rainfall  data Ann  22,  iv,  p  240 

Maumee  River  basin: 

description Ann  18,  iv,  pp  468-469; 

21,  iv,  pl79;  WS83,  p  239 

rainfall  data WS  75,  pp  1 10-111 

Maybell,  Colo. 

Yam  pa  River  near: 

discharge WS  28,  p  143 

Mayberry,  Nev. 

Hunter  Creek  near: 

discharge WS  51,  p  405 

Mayo  River  in— 

Roanoke  River  basin: 

water  powers Ann  19,  iv,  p  178 

Maysville,  Ga. 

Hickory  Level  Creek  near: 

discharge WS  49,  p  207 

Grove  Creek  near: 

discharge WS  49,  p  207 


Measurement: 

units  of Ann  11,  ii,  pp  2-5 

methods  of.    See  Methods  of  investiga- 
tion. 
Mecca,  Tenn. 

Conasauga  Creek  near: 

discharge WS  49,  p  218 

Mechanicsville,  N.  Y. 
Hudson  River  near: 

description Ann  19,  iv,  pp  117-118; 

WS  35,  pp  58-59;  47,  p  77;  65, 
pp  50-51;  82,  p  102;  97,  p  218 

discharge "WS  47,  p  39 

discharge,  daily WS  35,  pp  59-61; 

47,  pp  78-79;  65,  p  52;  82,  p  103;  97,  p  218 

discharge,  monthly Ann  19,  iv,  pp 

119-122;  20,  iv,  p  81;  22,  iv, 
pp  109-110;  WS  35,  p  24;  65, 
pp  52-53;  82,  p  104;  97,  p  219 

discharge,  yearly Ann  20,  iv,  p  47 

hydrographs Ann  19,  iv,  p  118; 

20,  iv,  p  80;  21,  iv,  p  72; 
22,  iv,plll;  WS75,  p  23 
Medicine  Bluff  Creek  near  - 
Meers,  Okla.: 

discharge WS  99,  p  320 

Medicine  Bow  River,  Wyo. 
in  Carbon  County: 

discharge WS  84,  p  94 

near  Medicine  Bow: 

description WS  66,  p  26 

discharge WS  66,  p  26 

discharge,  monthly WS  75,  p  125 

gage  heights WS  66,  p  26 

rating  table WS  66,  p  170 

Medicine  Creek  near- 
Cambridge,  Nebr.: 

discharge WS  50,  p  311 

Medicine  River  near— 
Kiowa,  Kans.: 

description Ann  18,  iv,  pp  240-241; 

Bull  140,  p  165 

discharge Ann  18,  iv,  p  241; 

Bull  110,  p  165 

discharge,  monthly Ann  18,  iv,  p  242; 

Bull  140,  p  166 
gage  heights. .  Bull  140,  p  166;  WS  11,  p  63 

hydrograph Ann  18,  i  v,  p  212 

rating  table Ann  18,  iv,  p  242 

Medina,  N.  Y. 

Oak  Orchard  Creek  near: 

description WS  97,  pp  412-415 

discharge WS  97,  pp  415-416 

gage  heights WS  97,  p  416 

Tonawanda  feeder  near: 

description WS  97,  pp  412-415 

Medora,  N.  Dak. 

Little  Missouri  River  near: 

description WS  99,  pp  70-71 

discharge WS  99,  p  71 

discharge,  monthly WS  99,  p  73 

gage  heights WS  99,  pp  71-72 

rating  table WS  99,  p  72 

Meeker,  Colo. 

White  River  near: 

description WS  66,  pp  91-92; 

85,  p  50;  100,  pp  95-96 
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Meeker,  Colo.— Continued. 

White  River  near— Continued. 

discharge WS  50,  p  375; 

66,  p92;  85,  p  51;  100,  p  96 
discharge,  low- water...  Ann  22,  iv,  p  396 

discharge,  monthly WS  85,  p  52; 

100,  p  97 

gage  heights WS  28,  p  143; 

66,  p  92;  85,  p  51;  100,  p  96 

rating  tables WS  85,  p  51;  100,  p  97 

rainfall  data Ann  30,  iv,  pp  375,  376,  379 

Meers,  Okla. 

Medicine  Bluff  Creek  near: 

discharge WS  99,  p  320 

Meeteetse,  Wyo. 

Grey  Bull  River  near: 

description Ann  19,  iv,  pp  293-291; 

WS  15,  p  75;  99,  p  88 

discharge Bull  131,  p  91; 

WS  15,  p  75;  99,  p  88 

discharge,  monthly Ann  19,  iv,  p  294 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights v . .  WS  15,  p  75;  99,  pp  88-89 

hydrograph Ann  19,  iv,  p  295 

rating  table Ann  19,  iv,  p  294 

Meherrin  River  near— 
Belfield.Va.: 

discharge Bull  140,  p  68 

Meiggs  Creek  near- 
Lake  Tahoe: 

discharge WS  100,  p  232 

Melrose,  Mont. 

Big  Hole  River  near: 

discharge Ann  11,  ii,  p  107;  13,  iii,  p  61 

Melrose,  Wis. 

Black  River  near: 

description WS83,  p  167;  98,  p  183 

discharge ws  83,  p  167;  98,  p  184 

gage  heights ws  83,  p  L68;  98,  p  L84 

Menardville,  Hex. 
Clear  Creek  above: 

discharge ws  84,  p  L56 

San  Saba  Rn  er  near: 

discharge ws  84,  i-  L66 

Mendon,  Mich. 

Little  Portage  River  near: 

discharge WS97,  p485 

St.  Joseph  River  inar: 

description. . .  WS  83,  pp  265-266;  97,  p  462 

discharge WS  83,  p  266;  97,  p  463 

gage  heights WS  83,  p  266;  97,  p  463 

water  powers WS  83,  p  266 

Mendota  Lake  near — 

Madison,  Wis.: 

gage  heights WS  98,  p  198 

Menominee  River: 

lumber  rafted  on WS  83,  p  255 

near  Iron  Mountain: 

description WS  83,  pp  257-258; 

97,  pp  474-475 

discharge WS  83,  p  258;  97,  p  475 

gage  heights WS  83,  p  258;  97.  p  475 

near  Lower  Quinnesec  Falls,  Wis.: 

description WS  83,  p  255 

discharge,  daily WS  83,  pp  256-257 

discharge,  monthly WS  83,  p  257 


Menominee  River  basin: 

description Ann  20,  iv,  pp  217-21 8 

WS  83,  pp  250-255 

drainage  areas WS  83,  pp  252-253 

water  powers WS  83,  p  254 

Mentone  water  developments  in — 
San  Bernardino  Valley,  Cal: 

description Ann  19,  iv,  pp  561-565 

Meramec,  Mo. 

Meramec  River  near.    See  Meramec  River. 
Meramec  River  near — 
Eureka,  Mo.: 

description WS  99,  p  240 

discharge WS  99,  p  240 

discharge,  monthly WS  99,  p  242 

gage  heights WS  99,  p  241 

rating  table WS  99,  p  241 

Fen  ton,  Mo.: 

description WS  99,  pp  238, 239 

discharge WS  99,  pp  238,  239 

gage  heights WS  99  pp  238,  239 

Meramec,  Mo.: 

description WS  99,  p  233 

discharge WS  99,  p  234 

discharge,  monthly WS  99,  p  235 

gage  heights WS  99,  p  234 

rating  table WS  99,  p  235 

Meramec  River  basin: 

description WS  99,  p  233 

Meramec  River.  Dry  Fork,  near — 
St.  .lames,  Mo.: 

description WS  99,  p  242 

discharge WS  99,  p  242 

gage  heights WS  99,  p  242 

Meramec  Spring  near — 
Meramec,  Mo.: 

description WS  99,  pp  235-236 

discharge WS  99,  p  236 

discharge,  monthly WS  99,  p  237 

gage  heights WS  99,  pp  236-237 

rating  table WS  99,  p  237 

Merced  reservoir,  Cah: 

description Ann  13,  iii,  pp  290-294; 

18,  iv,  pp  700-701 
Merced  Falls,  Cal. 

Merced  River  above.    See  Merced  River. 
Merced  River,  Cal. 

above  Merced  Falls: 

description WS  66,  p  150; 

85,  p  147:  100,  p  291 

discharge ws  66,  p  150; 

85,  pl47;  100,  p  291 

discharge,  monthly WS  75,  p  215; 

85,  p  149;  100,  p  293 
discharge,  yearly....  Bull  140,  pp  311,  312 

gage  heights WS  66,  p  151; 

85,  p  147;  100,  p  292 

hydrograph WS  75,  p  215 

rating  tables WS  85,  p  148;  100,  p  292 

description Ann  12,  ii,  p  322; 

Bull  140,  pp  296-297 

discharge,  low- water Ann  22,  iv,  p  496; 

WS  39,  p  433;  51,  p  481;  85,  p  160 

hydrograph Ann  12,  ii,  p  320 

near  Yosemite,  Cal.: 

discharge Ann  18,  iv,  p  416; 

WS  100,  p  306 
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Mcned  River,  North  Fork  of,  Cal.: 

discharge WS  85,  p  160 

Merced  River,  South  Fork  of,  Cal.: 

discharge WS  85,  p  160 

ditches  on: 

discharge WS  100,  p  307 

near  Wawona  Bridge,  Cal.: 

discharge WS  100,  p  307 

Meriwether,  Ga. 

Little  River  near: 

discharge WS  83,  p  113 

Merrill,  Wis. 

Wisconsin  River  near: 

description..  WS  83,  p  170;  98,  pp  190-191 

discharge WS  83,  p  170;  98,  p  191 

gage  heights WS  83,  p  170;  98,  p  192 

Merrillville,  Cal. 

Willow  Creek  near: 

discharge WS  100,  p  305 

Merrimac  River  near- 
Franklin  Junction,  N.  H.: 

description WS  97,  pp  70-71 

discharge WS  97,  p  71 

gage  heights WS  97,  p  71 

Lawrence,  Mass.: 

description Ann  19,  iv,  pp  111-112; 

Bull  140,  p  33;  WS  35,  p  34;  47,  p 
32;  65,  p  22;  82,  pp  49-50;  97,  p  72 

discharge,  daily WS  35,  pp  35-36; 

47,  p  33;  82,  pp  51-52;  97,  p  73 

discharge,  monthly. . .  Ann  19,  iv,  pp  113- 

115;    20,  iv,   p  73;    21, 

iv,  p  60;  Bull  140,  p  34 

discharge,  yearly Ann  20,  iv,  p  46 

hydrographs Ann  19,  iv,  p  1 12; 

20,  iv,  p  74;  21,  iv,  p  60 
Manchester,  N.  H.: 

description WS3\  p  34 

Merrimac  River  basin: 

description Ann  21,  iv,  pp  58-59; 

WS  97,  p  70 

map Ann  21,  iv,  p  58 

Merritts,  Wyo. 

Wind  River  near: 

discharge Bull  131,  p  91 

Mesa  Consolidated  canal  near- 
Phoenix,  Ariz.: 

discharge Ann  21,  iv,  pp  381,382 

Mesilla  Valley,  N.  Mex. 

description Ann  12,  ii,  pp  279-281 

Messalonskee  River,  Me. 

description Ann  19,  iv,  p  79 

near  Waterville: 

description WS  97,  pp  56-57 

discharge,  daily WS  97,  p  57 

Meter  rating  stations: 

description Bull  140,  pp  331-332 

Meter  rating  tables Bull  140,  pp  332,  335-341 

Meters,  current 

described  and  figured Ann  11,  ii,  pp  6-10 

methods  of  rating Ann  11,  ii,  pp  11-14; 

19,  iv,  pp  28-30;  Bull  140,  pp  333-335 
See  also  Current  meters. 

Methods  of  computation Ann  19,  iv, 

pp  323-328,  331;  WS  65,  pp  95-97 

Methods  of  investigation Ann  10,  ii,  pp  38-57; 

14,  ii,  pp  96-100;  19,  iv,  pp  18-27; 
20,  iv,  pp  20-22;  21,  iv,  pp  28-41; 
22,  iv,  pp  49-50;  Bull  140,  pp  14-32; 
WS  47,  pp  10-29;  97,  pp  10-12;  98, 
pp  10-12;  99,  pp  10-12;  100,  pp  12-14 


Methow  River  near — 
Pateros,  Wash.: 

description WS  100,  pp  387-388 

discharge WS  100,  p  388 

gage  heights WS  100,  p  389 

Mexican  Creek  in— 

Bighorn  River  basin: 

discharge Ann  13,  iii,  p  70 

Mexico,  Ohio. 

Sandusky  River  near: 

description WS  27,  p  67; 

36,  pp  179-180;  49,  p  221 

discharge WS  27,  p  68; 

3:1,  p  180;  49,  p  221 

discharge,  monthly Ann  22,  iv,  p  242 

gage  heights WS  27,  p  67; 

36,  p  180;  49,  p  221 

hydrograph Ann  22,  i v,  p  243 

rainfall  data Ann  22,  iv,  p  242 

Mianus  River  near- 
Bedford,  N.Y.: 

description WS  97,  p  116 

discharge WS  97,  p  116 

discharge,  daily "WS  97,  p  117 

discharge,  monthly WS  97,  p  118 

rainfall  data  , WS  97,  p  1 18 

Stamford,  Conn.: 

description WS  97,  p  114 

discharge WS  97,  p  115 

discharge,  daily WS  97,  p  1 1 6 

Mianus  River  basin: 

description WS  97,  p  114 

Michigan: 

hydrographic  f eatures  of . . .  WS  83,  pp  241-245 
Michigan  Creek  near — 
Como,  Colo.: 

discharge WS  84,  p  94 

Michigan,  Lake,  drainage  system: 

description Ann  18,  iv,  pp  470-471 

Michigan,  lower  peninsula: 
drainage  basins: 

map Ann  22,  iv,  p  254 

rainfall  data WS83,  p  295 

Michigan  streams: 

dam  construction  on,  law  of WS  83,  p  244 

timber  floated  on 243 

water  powers WS  83,  p  245 

Middlebury,  Vt. 

Otter  Creek  near: 

description WS  97,  p  353 

discharge WS  97,  p  353 

discharge,  monthly WS  97,  p  355 

gage  heights WS  97,  p  354 

rating  table WS  97,  p  354 

Middle  Creek,  Mont.: 

description Ann  21,  iv,  p  182 

nearBozeman,  Mont.: 

description Ann  18,  iv,  p  127;  19,  iv,  p 

271;  20,  iv,  pp  242-243;  Bull 
140,  p.  88;  WS  15,  p  67;  27, 
p  68;  36,  pp  196-197;  49,  p  261; 
84,  pp  43-44;  99,  pp  129-130 

discharge Ann  18,  iv,  p  127; 

Bull  140,  p  88;  WS  15,  p 

67;  27,  p  74;  36,  p  197;  49, 

p  261;  84,  p  44;  99,  p  130 

discharge,  daily Bull  140,  p  89 
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Middle  Creek,  Mont.— Continued, 
near  Bozeman,  Mont.— Continued. 

discharge,  monthly. . . .  Ann  18,  iv,  p  128; 
20,  iv,  pp  234,  243;  21,  iv,  p 
183;  22,  iv,  p  281;  Bull  140, 
p  89;  WS75,  pll6;  84,p45 

gage  heights ws  11,  p  48;  27,p70; 

36,  p  197;  49,  p  262;  84,  p  44 

hydrograph Ann  21,  iv,  p  183 

rating  tables...  Ann  is,  iv.  p  128;  ws  27, 
I>  In;  39,  p446;  52,  p  516;  84,  p  45 
Middle  Creek,  East,  Nebr.: 

discharge WS  39,  p  439 

Middle  Creek,  West,  Nebr.: 

discharge WS  39,  p  440 

Middle  Creek,  X.  <'.,  in— 
Nolichucky  River  basin: 

discharge ws  49,  p  213 

Middle  Creek,  Tenn., 
near  Sevierville— 

discharge ws  4-.»,  p217 

Middle  Crow  Creek,  Wyo., 

in  Laramie  County,  Wyo.: — 

discharge ws  84,  p  94 

near  llccla: 

description ws  84,  p  75 

discharge WS  84,  p  76 

discharge,  monthly ws  84,  p  77 

gage  heights ws  84,  p  76 

ratingtable ws  84,  p  76 

Middle  Fork  of  Holston  River,  near— 
( (sceola,  Va.: 

discharge ws  27,  p  66 

M  nlille  Loup  River  near- 
Arcadia,  Nebr.: 

discharge WS39,  p  139 

Boeln-.  Nebr.: 

discharge..  Aim  19,  iv.  p  335;  20,  iv,p300 
Dunning,  Nebr.: 

discharge Ann  is,  iv,  pp  L81, 

193;   20,  iv,  p  300;  Bull  1  in, 
P  117.  WS39,  p  139;  27,p88 
Gates,  Nebr.: 

discharge Ann  20,  iv,  p300; 

Bull  131,  p  91 
Loup  (  iiy,  Nebr.: 

discharge Ann  20,  iv.  p  300; 

Bull  1  10,  p  117 
Mullen,  Nebr.: 

discharge Ann  20,  iv,  p  300; 

Bull  140,  pl!7 
St.  Paul,  Nebr.: 

correction  table Ann  19,  iv,  p  325 

description Ann  18,  iv,  p  179; 

Bull  140,  pp  115-116,  WS15, 

p  96;  37,  pp  238-239;  99,  p  150 

discharge..  Ann  18,  iv,p  180;  19,  iv,  p  324; 

WS  15,  p  96;  37,  p  239;  84,  p  92;  99,  p  150 

discharge,  daily...  Ann  18,  iv,  pp  180-181 

discharge,  flood Ann  18,  iv,  p  181 

discharge,  monthly Ann  19,  iv,  p  330; 

21,  iv,  p21S;  Bull  140,' 
p   117;   WS   99,  p  152 

discharge,  yearly Ann  20,  iv,  p  65 

gage  heights Bull  140,  p  116; 

WS  15  p  96;  37,  p  240;  99,  p  151 


Middle  Loup  River  near— Continued. 
St.  Paul,  Nebr.— Continued. 

hydrograhs Ann  18,  iv, 

p  180;  21,  iv,  p  213 

rating  tables. .  Ann  19,  iv,  pp  324, 325-326; 

Bull  140.  p  116;  WS 

39,  p  448;   99,  p  151 

Seneca,  Nebr.: 

discharge  . . .  Ann  18,  iv,  pp  181, 193;  20,  i v, 
p300;  Bull  140,  pi  17: 
WS27,p88;  39,  p  439 
Thedford,  Nebr.: 

discharge  . , Ann  '20,  iv,  p  300; 

Bull  140,  p  117 
Middle  Oconee  River  near — 
Athens.  <ia.: 

description...  WS  65,  pp 256-257;  83,  plOl 
discharge. . . .  WS  65,  p  257;  83,  pp  102, 113 

discharge,  monthly WS  75, 

PP  <;.">,  71;  83,  pl03 

gage  heights WS  65,  p  257;  83,  p  102 

rating  tables ws  65,  p321;  83,  p  103 

Pendergrass,  Ga.: 

discharge ws  49,  p207 

Middle  River  near- 
Mount  Meridian.  Va.: 

discharge Ann  19,  iv,  p  138 

Middleville,  N.  V. 

West  Canada  Creek  near: 

description WS  35,  pp  49-50; 

47,  pp  50-51;  65,  p  155 

discharge WS  47,  p  50;  65,  pp  155-156 

discharge,  daily ws  35,  p  50; 

17.  pp  51-52;  65,  p  156 

discharge,  low-water ws  65,  p  157 

discharge,  monthly Ann  22,  iv,  p  92; 

WS35,  p24;  65,  p  157 
hydrographs..  Ann  21,  iv,  p67;  22,  iv,  p93 
M  iddle  Yuba  River  near — 
North  San  Juan,  Cal.: 

description ws  51,  p  452 

discharge ws  51,  p  452 

gage  heights ws  51,  p  452 

Midvale,  Mont. 

Two  Medicine  Creek  near: 

description....  wssi,  pp  34-35;  99,  p  115 

discharge WS84,  p35 

gage  heights WS84,  p  35;  99,  p  116 

Miles  City,  Mont. 

Tongue  Rfver  near: 

discharge Ann  11,  ii,  p  107 

Milford,  Nebr. 

Blue  River  near: 

discharge Ann  20,  iv,  p  298 

Milk  Creek  near- 
Axial,  Colo.: 

discharge WS  66,  p  98 

Milk  River,  Mont.: 

description Ann  21,  iv,  p  188; 

22,  iv,  pp  271-273;  22,  iv,  pp  287-288 
diversion  from  North  Fork  into  South 

Fork Ann  22,  iv,  pp  276-277 

forks  of: 

discharge Ann  22,  iv,  p  273; 

WS  49,  p  269;  66,  pp  22,  23 
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Milk  River,  Mont.— Continued. 
near  Chinook,  Mont.: 

description WS  15,  p  73 

discharge..  Ann  19,  iv,  p  287;  WS  15,  p  73 

gage  heights WS  15,  p  73 

near  Havre,  Mont.: 

description. .  Ann  20,  iv,  p  245;  WS  27,  pp 
68-69;  37,  p  209;  49,  p  267;  66,  pp 
15-16;  84,  p  28;  99,  pp  108-109 

discharge WS  27,  p'75;  37, 

p209;  49,  p  267;  66,  p  16; 
84,  p  29:  99,  pp  109-110 

discharge,  monthly Ann  20,  iv, 

p  245;  21,  iv,  p  189;  22,  iv,  p  288; 
WS  75,  p  122;  84,  p  31;  99,  p  111 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights WS  27,  p  72; 

37,  p  210;  49,  p  267;  66, 
pl6;  84,  p30:  99,  p  110 

hydrographs Ann  20,  iv,  p  246; 

21,  iv,  p  189;  22,  iv,  p  288 
rating  tables  ..  WS  27,  p  76;  39,  p  447;  52, 
p  516;  66,  p  170;  84,  pp  30-31;  99,  p  111 
near  Malta,  Mont.: 

description ....  WS  84,  pp  26-27;  99,  p  103 

discharge WS  84,  p  27;  99,  p  104 

discharge,  monthly.  WS  84,  p  28;  99,  p  106 
gage  heights. .  WS  84,  p27;  99,  pp  104-105 

rating  tables WS  84,  p  28;  99,  p  105 

reconnaissance  east  of.  Ann  22,  iv,  pp  275-277 
Milk  River  basin,  Mont.: 

description Ann  19,  iv,  pp  286-287 

irrigation  surveys Ann  13,  iii,  pp  62-63 

Milk  River,  Middle  Fork  of,  Mont.: 

discharge WS  49,  p  '-'ti'.i 

Milk  River,  North  Fork  of 

discharge WS  49,  p  269;  66,  p  23 

near  Chinook,  Mont.: 

discharge Ann  19,  iv,  p  290 

Milk  River,  South  Fork  of,  Mont. 

discharge WS  49,  p  269;  66,  p  23 

Milk  River,  West  Fork  near- 
Chinook,  Mont.: 

discharge Ann  19,  iv,  p  290 

Mill  Creek,  Cal.: 

description Ann  19,  iv,  pp  551-553;  20,  iv, 

p  558;  21,  iv,  p  485;  WS  28,  p  189 

discharge Ann  18,  iv,  pp  372, 

375;  19,  iv,  p  552;  20,  iv,  p 
558;  WS  28,  p  192;  85,  pl80 
discharge,  low-water. .  WS  28,  p  195;  39,  p  436 
in  canyon: 

description WS  51,  p  476 

discharge,  monthly Ann  19,  iv,  p  552 

near  Big  Pine,  Cal.: 

discharge WS  100,  p  225 

near  Crafton  zanja  headworks,  Cal.: 

description WS  39,  p  421 

discharge Ann  19,  iv,  p  552 

WS  28,  p  192.  39,  p  421:  100,  pp  352-353 

discharge,  daily WS  39,  pp  421,  422; 

51,  p  177 
near  head  of  Alessandro  pipe  line,  Cal.: 

discharge Ann  18,  iv,  p  418 

near  Mountain  Home,  Cal.: 

diurnal  variation,  diagram Ann  22, 

iv,  p  498 


Mill  Creek,  Cal.— Continued. 

rainfall  data WS  39,  pp  437,  438; 

52,  pp  495,  496;  66,  pp  168,  169 
Mill  Creek,  Ga.: 

in  Chattahoochee  River  basin: 

discharge WS  49,  p  208 

in  Etowah  River  basin: 

discharge WS  49,  p  208 

in  Toccoa  River  basin: 

discharge WS  49,  p  218 

near  Dunn: 

discharge WS  49,  p  209 

near  Ellijay: 

discharge WS  49,  p  209 

near  Hiwassee,  Ga.: 

discharge WS  49,  p  217 

Mill  Creek,  N.  G,  near— 
Oldfort: 

discharge WS  49,  p  204 

Mill  Creek,  Tenn..  in— 
Watauga  River  basin: 

discharge WS  49,  p  216 

Mill  Creek,  Tex.: 

description WS  66,  p  62 

discharge WS  66,  p  62 

near  San  Saba: 

discharge WS  84,  p  156 

Mill  Creek,  Utah,  near- 
Salt  Lake  City: 

description ws  51 ,  p  422 

discharge,  daily..  "WS  38,  p  345;  51,  p  422 
Mill  Creek,  Va.,  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  170 

South  Fork  Holston  River  basin: 

discharge WS  49,  p  214 

Mill  Creek  canals  near— 
Crafton  headworks,  Cal.: 

description ws  66,  i  >  166 

discharge,  daily WS  66,  p  166 

discharge,  monthly Ann  21,  iv,  p  485; 

22,  iv,  p  505;  WS  75,  p  224 
Miildams: 

discharges  estimated  at,  method  of . .  WS  35, 

pp  19-24 
Miildams  and  weirs,  measurements  over: 

history  of WS  35,  pp  19-24 

Mill  ditch  near- 
Delta,  Colo.: 

discharge WS  100,  p  92 

Milledgeville,  Ga. 

Altamaha  River  near: 

discharge Ann  18,  iv,  pp  77-78 

Oconee  River  near: 

description WS  98,  pp  87-88 

discharge Bull  1 40,  ,»p  73-74; 

WS  49,  p  207;  83,  p  113;  98,  p  88 

gage  heights WS  98,  p  88 

Millen,  Ga. 

Buckhead  Creek  near: 

discharge WS  83,  p  95;  98,  p  79 

Ogeechee  River  near: 

description WS  98,  pp  74-75 

discharge WS  83,  p  95;  98,  p  75 

discharge,  monthly WS  98,  p  76 

gage  heights WS  98,  p  75 

rating  table WS  98,  p  76 
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Miller  Run  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  171 

Millers,  Tenn. 

Hesse  Creek  near: 

discharge.... WS  49,  p  217 

Millers  Narrows,  Cal. 
Lytle  Creek  near: 

diurnal  variation,  diagram Ann  22, 

iv,  p  198 
Millington.  X.  J. 

Passaic  River  near: 

description . . . : WS  97.  pp  237  238 

discharge WS  82,  p  127;  97,  p  238 

gage  heights WS  97.  p  238 

Millinocket,  Me. 

Penobscot  River  near: 

description WS82,  p  19;  97,  pp  26  27 

discharge,  daily..  WS82,pp  19-20;  97,p27 

discharge,  monthly WS  82,  p  21 

Mill  Point,  N.  V. 

Schoharie  Creek  near: 

description WS  17.  p  64; 

65,p  169;  82,  p91;  97.  p  L90 

discharge WS  47,  pp  S9,  64; 

65,  p  169;  97.  p  190 

gage  heights WS  17.  p64; 

65,  p  169;  82,  p  95;  97,  p  191 
Mills  River  in- 
French  Broad  River  basin,  N.  C: 

discharge ws  49,  p  211 

Millstone,  N.  J. 

Millstone    River   mar.    Set     Millstone 
River. 
Millstone  River  near- 
Millstone,  N.  J.: 

description ws  97,  pp  240  241 

discharge ws  97.  p241 

gage  heights ws  97.  p  241 

Millville.  \Y.  Yii. 

Shenandoah  River  near: 

di  scription Ann  18,  iv,  pp  26-27; 

Bull  131,  p  89;  140,  p  53;  WS  15, 
P  19;  27,  p  10;  35,  pp  90-91 ;  18,  p 
120;  65,  p  2:;:;;  -2,  p  176;  97.  p  312 
discharge...  Ann  is.  iv,  p27;  Bull  1  t0,p53; 
WS  15,  p  19:  27,  pp  23-24;  35,  p  '.'1; 
18, p  L20;  65,p233;  82, p  L76;  97,p312 

discharge,  monthly Ann  is,  iv,  p  28; 

19.  iv,  p!51;  20.  iv,  pp  120,127; 
22,  iv.  p  136;  Bull  140,  p  54;  WS 
75,    p  38;   82,  p  178;  97,  p  314 

discharge,  yearly Ann  20,  iv,  p  19 

gage  heights Bull  140.  p  54; 

WSll.pld:  15,pl9;  27,p20;  35,p91; 
is.  p  121;  65,  p233;  82,  p  177;  97,  p  313 

hydrographs Ann  18,  iv,  p  29; 

19,  iv,p  151;  20,  iv,  p  128;  21.  iv, 
p  97;  22.  iv.  p   137;    WS  75,  p  39 

rating  tables Ann  18,  iv,  p  28; 

19,   iv,  p    150;    Bull   140,   p  53; 
WS   27.   p   25;  39,   p    142;  52,   p 
511;  65,  p  319;  82,  pl7s:  97.  p313 
Millwood,  Cal. 

rainfall  data WS  39,  pp  437, 438; 

52,  pp  495,  496 


Milo,  Cal. 

rainfall  data WS  39,  pp  437.  438; 

66,  i-p  168,  169 
Milstead,  Ala. 

Tallapoosa  River  near: 

description WS  15,  p  56; 

36,  p  152;  48,  p  168;  65,  p  274; 
83,  pp  134-135;  98,  pp  135-136 

discharge WS  15,  p  56;  27.  ]  >  57; 

36,  p  153;  48,  p  168;  65,  p  274;  83,  p  135 

discharge,  monthly Ann  19,  iv,  p  250; 

20,  iv,  p  193;  21,  iv.  p  151;  22.  iv, 
p  206;  WS  75,  pp  85,  88;  83,  p  136 

discharge,  yearly Ann  20,  iv,  p51 

gage  heights ws  15,  p  56; 

27.  p56;  36.  p  153;  48,  p  168; 
65,  p  275;  83,  p  135;  98,  p  136 

hydrographs Ann  19,  iv,  p  250; 

20,  iv,  p  194;  21,  iv,p  152; 
22,  iv,  p206;  WS  75,  p  85 

rating  tables Ann  19,  iv,  p  249; 

WS  27.  p  58;  39,  p  445;  52, 
p  514;  65,  p  322 ;  83,  p  136 
Milton,  <  >reg. 

Walla  Walla  River  near: 

description ws  inn,  p  368 

disci  large WS  Kill,  p  369 

discharge,  monthly ws  100,  p  370 

gage  heights ws  100,  pp  369-370 

rating  table ws  100,  p  370 

South  Fork  Walla  Walla  River  near: 

description ws  100,  p  371 

discharge ws  100.  p  372 

gage  heights ws  100,  pp  372-373! 

Minden,  Nebr. 

rainfall  data Ann  211.  iv,  p  306,  31  is.  313 

Mineralbluff,  Ga. 

Hampton  Creek  near: 

discharge ws  98,  p  293 

Toccoa  River  near: 

discharge..  Ann  is,  iv,  p  123:  WS27,p66 
Mineral  Creek,  Colo.: 
in  Grand  River  basin: 

discharge WS  100,  p  94 

near  Silverton, 

discharge "WS  100,  p  64 

Mineral  King.  Cal. 

Easl  Fork  Kaweah  River  near: 

discharge WS  100,  p  308 

Minetto,  N.  Y. 

Oneida  River  above: 

description :...  WS  49.  pp  229-230J 

discharge WS  49,  p  230] 

gage  heights WS  49,  p  230 

Oswego  River  above: 

description WS  65,  p  134;  j 

82,  p72;  97,  p.  378; 

discharge ws  47,  p  39; 

65,  p  135;  82,  p  76;  97,  p  378 
discharge,  daily.  WS82,  pp 72-74;  97,  p  380 
discharge,  monthly.   WS82,  p  75;  97,  p  381 
gage  heights. .  WS  65,  pp  134,  135;  97,  p379j 
Mingo  Junction,  Ohio. 
cross  Creek  near: 

description ws  98,  p  237 

discharge WS  98,  p  237 

gage  heights WS  98,  p  237i 
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Minidoka,  Idaho. 
Snake  River  near: 

description WS  100,  p  443 

discharge WS  100,  p  444 

gage  heights WS  100,  p  444 

rating  table WS  100,  p  445 

discharge,  monthly WS  100,  p  445 

See  also  Montgomery  Ferry. 
Minidoka  canal  line: 

survey  of Ann  11,  ii,  pp  198-199 

Minneapolis,  Minn. 

Mississippi  River  near: 

discharge Ann  22,  iv,  p  219 

Minnechaduza  River  near- 
Fort  Niobrara,  Nebr.: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  300 
Valentine,  Nebr.: 

description WS  37,  p2L3 

discharge Ann  19,  iv,  p  300; 

20,  iv,  p   300;*  WS  27,  p  88;  37, 
p 213;  39,  p 439; 66,  p43;  84,p49 
Minnesela,  S.  Dak. 

Red  Water  River  near: 

description WS  99,  p  61 

discharge WS  99,  p  61 

discharge  monthly WS  99,  p  62 

gage  heights WS  99,  p  61 

rating  table WS  99,  p  61 

Minnesota  River: 

elevations  along Ann  19,  iv,  p  267 

near  Fort  Snelling,  Minn.: 

discharge Ann  22,  iv,  p  219 

near  Mankato,  Minn.: 

description WS  99,  pp  15-16 

discharge WS  99,  p  16 

gage  heights WS  99,  p  17 

Minnesota  River  drainage  basin: 

description WS  99,  p  15 

Minooka,  111. 

Illinois  River  near: 

description WS  83,  p  174;  98,  p  209 

discharge WS  98,  p  210 

discharge,  monthly WS  98,  p  211 

gage  heights WS  98,  p  210 

rating  table WS  98,  p  211 

Minot,  N.  Dak. 

Mouse  River  near: 

description WS  100,  pp  486-487 

discharge WS  100,  p  487 

discharge,  monthly WS  100,  p  488 

gage  heights WS  100,  p  487 

rating  table WS  100,  p  488 

Mission  Creek,  Mont.: 

discharge Ann  22,  iv,  p  436 

Mission  Mountains,  Mont.: 

description Ann  22,  iv,  pp  436-437 

Mississippi  River: 

above  and  below  Cass  Lake: 

discharge Ann  22,  i v,  p  219 

above  Crow  Wing  River: 

discharge Ann  22,  iv,  p  219 

above  junction  of  Leech  Lake  River: 

discharge Ann  22,  iv,  p  219 

above  Pokegama  Falls: 

discharge Ann  22,  iv,  p  219 


Mississippi  River— Continued, 
below  Sandy  Lake: 

discharge Ann  22,  iv,  p  219 

below  Swan  River: 

discharge Ann  22,  iv,  p  219 

below  Vermilion  River: 

discharge Ann  22,  iv,  p  219 

below  Willow  River: 

discharge Ann  22,  iv,  p  219 

below  Winibigoshish  Lake: 

discharge Ann  22,  iv,  p  219 

near  Aitkin,  Minn. : 

discharge Ann  22,  iv,  p  219 

near  Brainerd,  Minn.: 

discharge Ann  22,  iv,  p  219 

near  Minneapolis,  Minn.: 

discharge Ann  22,  iv,  p  219 

near  Oxbow  Portage  Rapids: 

discharge Ann  22,  iv,  p  219 

near  St.  Anthonys  Falls: 

discharge Ann  22,  iv,  p  219 

near  St.  Paul,  Minn.: 

description Ann  19,  iv,  pp  264-266; 

20,  iv,  p  230;  WS  36,  p  194 

discharge Ann  22,  iv,  p  219 

discharge,  monthly Ann  19,  iv, 

pp  268-270;  20,  iv,  p  230 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights WS  36,  p  195; 

49,  p  260;  65,  p  313 

hydrographic  features Ann  22,  iv, 

pp  210-218 

rainfall  and  run-off  relation Ann  20, 

iv,  p  231 

rating  table Ann  19,  iv,  p  267 

near  Sauk  Rapids,  Minn.: 

description WS  98,  pp  173-174 

discharge Ann  22,  iv,  p  219; 

WS  98,  p  174 

gage  heights WS  98,  pp  174-175 

sources  of  reservoirs  at Ann  20,  iv,  pp 

228-230 
Mississippi  River  basin: 

description Ann  22,  iv,  p  210 

relief  map Ann  22,  iv,  p  210 

Mississippi  River  drainage,  Eastern: 

description WS  75,  p  99 

Mississippi  River,  Upper: 

elevations  along Ann  19,  iv,  p  267 

Mississippi  River  Valley,  lower: 

description Ann  20,  iv,  pp  346-352 

geologic  structure Ann  20,  iv,  pp  352-353 

Missisquoi  River  near— 
Swanton,  Vt.: 

description WS  97,  p  344 

discharge WS  97,  p  345 

gage  heights WS  97,  p  345 

Missoula,  Mont. 

Bitterroot  River  near: 

description WS  28,  p  156;  38,  p  368; 

51,  p  433;  66,  p  131;  100,. p  406 

discharge WS  28,  p  163;  38,  p  368; 

51,  p  433;  66,  p  132;  100,  p  407 

discharge,  monthly Ann21,iv,p420; 

22,  iv,  p  442;  WS  75,  p  199 
discharge,  yearly Ann  20,  iv,  p  62 
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Missoula,  Mont.— Continued. 

Bitterroot  River  near— Continued. 

gage  heights WS  28,  p  163;  38,  p  369; 

51,  p  434;  66,  p  132;  100,  p  407 

hydrographs Ann  21,  iv,  p  420;  22,  iv, 

p442 

rating  tables WS  28,  p  170; 

39,  p  454;  52,  p  522 
Missoula  River  near.    See  Missoula  River. 
Rattlesnake  Creek  near: 

description*. WS  38,  p  363;  51,  p  431 

discharge WS  38,  p  464; 

51,  p431;  100,  p460 

discharge,  monthly Ann  21,  iv,  p417 

gage  heights WS  38,  p  364; 

51,  p  432;  85,  p  200 

hydrograph Ann  21.  iv,  p  117 

rating  table WS39,  p  454 

Missoula  River  near— 
Missoula,  Mont.: 

description Ann  20,  iv,  pp  490-491 ; 

21,  iv,  p418;   WSl's,  pp  156 
157;  38,  pp  364-365;  51,  p  432; 
66.1)  131;  85,  pl99;  100,  p  103 

discharge WS  28,  p  169;  38,  p  365; 

51,  p  132;  66,  p  131; 
85,  p  199;  100,  p403 

discharge,  monthly Ann  20,  iv,  p  I'M: 

21,  iv,  p  418;  22,  iv.  p435;  WS  7.">, 
P    198;    85,    p    201;    100,    p     105 

discharge,  yearly Ann  20.  iv,  p  63 

gage  heights WS  28,  p  163;  38, 

PP  366  367;  51,  p  133;  66, 
p  131;  85,  p  200;  100,  p  104 

hydrographs Ann  21,  iv,  p  U9; 

22,  iv.  p  435;  WS  7.r\  p  199 

rating  tables WS  28,  p  170; 

39,  p  154;  52,  p  522;  tit;,  p 
177;  85,   p  200;   KM  I.    p  Id.. 
Missoula  River  basin,  Mont.: 

description Ann22,  iv,  p  134 

Missouri  River  near- 
Canyon  Ferry,  Mont.: 

discbarge Ann  13,  iii,  p  39 

discharge,  monthly Ann  1 1 , 

ii,p94;  13,  iii,  p  92 

discharge,  yearly Ann  13,  iii.  p  98 

Cascade,  Mont.: 

description ws  84,  p  35;  99,  p  117 

discharge WS  84,  p  35;  99,  p  117 

discharge,  monthly ws  99,  p  119 

gage  heights wssi.  p36;  99,  p  118 

rating  table ws  99,  p  118 

Craig,  Mont.: 

description Ann  14,  ii,  p  104 

discharge,  monthly Ann  11,  ii.  p94; 

12,  ii,  pp  347,  360;  13, 
iii,  p92;  14,  ii,  p  104 

discharge,  yearly Ann  13,  iii, 

p98;  20,  iv,  p53 
hydrographs Ann  12,  ii, 

p  232;  13,  iii,  p  58 
Fort  Benton,  Mont.: 

discharge Ann  19,  iv,  p  290 

French  Bar,  Mont.: 

discharge Ann  13,  iii, 

p  39;  20,  iv,  p  244 


Missouri  River  near— Continued. 
Gallatin,  Mont.: 

discharge Ann  13,  iii,  p  38 

Stubbs  Ferry,  Mont.: 

discharge Ann  13,  iii,  p  39 

Three  Forks,  Mont.: 

discharge Ann  20,  iv,  p  244 

Toston,  Mont.: 

discharge Ann  11,  ii,  p  42 

Townsend.  Mont.: 

description Ann  is,  iv,  p  123; 

19,  iv,  p  283:  Bull  131,  pp  22-24; 

140,  p  93;   WS   15,  p  65;    27,  p 

68;  37,  p  208;  49,  p  265;  66,  p20; 

84,  pp  336-337;  99,  pp  119-120 

discharge..  Ann  18,  iv,  pl24;  Bull  131,  pp 

23,90,92;    140,  p  93;   WS  15,  p 

65;    27,  p  75;    37,  p  208;  49,  p 

265;  66,  p  21;  84,  p338;  99,  p  121. 

discharge,  monthly. . .  Ann  19,  iv,  pp  284, 

285;  20,  iv,   pp  234,244;  21, 

iv.  p  187;  22,  iv,  p  286;  WS 

75,  pp    117,  121;    99,   p    122 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights Bull  131,  pp  24-26; 

110,  p94;  WSll,  p47:  15, 
P  65;  27,  p72;  37,  p  208;  49, 
P  '-Mil;  m,   p  21;  99,   p  121 

hydrographs Ann  19,  iv,  pp  284,285; 

20,  iv,  p245;  21,  iv,  p  188; 

22,  iv.  p287;  WS  75,  p  121 

rainfall  and  run -off  relation Ann  20, 

rating  tables Ann  19,  iv,  ]>  283; 

WS  27,  p  76;  39,  p  lit,;  52, 
p  516:  66,  p  170;   99,  p  122 
Missouri  River  basin: 

description Ann  11,  ii,  pp  42-43; 

12,  ii,  pp  236-237;  13,  iii,  pp  34  35;  22,  iv, 
P   280;    WS  84,  pp    13-14;  99,    pp  34-36 
irrigation  surveys  in,  engineering 

features Ann  11,  ii,  pp  114-133; 

13,  iii,  pp  34-63 

rainfall  data Ann  13,  iii,  pp  39-41; 

20,  iv,  p  235;  WS  75,  pp  111-116 

rainfall  and  run-olT  relation Ann  20, 

iv,  pp  232-235;  WS  75,  pp  117-118 
Missouri  Valley: 

irrigation  surveys Ann  13,  iii,  pp  53-54 

Mitchell,  Nebr. 

North  Platte  River  near: 

description WS  66,  p  28; 

84,  p  66;  99,  pp  162-163 

discharge WS  66,  p  28; 

84,  p  67;  99,  p  163 

discharge,  monthly WS  75,  p  126 

84,  p  68;  99,  pl65 

gage  heights WS  66,  p  28; 

84,  p  67;  99,  p  164; 

rating  tables WS  84,  p  68;  99,  p  164 

Mitchell  canal  near- 
Horse  Creek,  Nebr.: 

discharge Bull  140,  p  101 

-Mitchell  River  in— 

Yadkin  River  basin,  N.  C> 

discharge ,,,,,,  WS  49,  p  204 
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Moub.  Utah 

rainfall  data Ann  20,  iv,  pp  375,  377,  379 

Mobile  River  basin: 

description Ann  18,  iv,  pp  93-94; 

WS  83,  p  128;  98,  pp  128-129 

map WS  75,  p  81 

Moccasin  Creek  near- 
Ivy  Log,  Ga.: 

discharge WS  49,  p  217 

Modesto,  Cal. 

Tuolumne  River  near: 

description Ann  12,  ii,  pp  322-323; 

18,  iv,  p384;  Bull  131,  pp  83-84; 
140,  pp  298,  300;  WS  16,  p  189 

discharge Ann  18,  iv,  p  384; 

Bull  131,  p  84;  140, 
p301;  WS  16,  p  L89 

discharge,  monthly Ann  18,  iv,  p  385; 

Bull  140,  p  301 

discharge,  yearly Bull  140,  pp  311,  312 

gage  heights Bull  131,  p  85; 

140,  pp  299-300;  WS 
11,   p   91;    16,  p  189 

hydrographs Ann  12,  ii,  p  322; 

18,  iv, p  386 

rating  tables .  Ann  18,  iv,  p  385; 

Bull  140,  p  298 
Modesto  canal: 

engineering  features Ann  13,  iii,  p  216 

near  Lagrange,  Cal.: 

description WS  100,  pp  289-290 

discharge WS  100,  p  290 

gage  heights WS  100,  p  290 

rating  table WS  100,  p  291 

Moftitt  Creek  near- 
Independence,  Cal.: 

discharge WS  100,  p  225 

Mogote,  Colo. 

Conejos  River  near.    See  Los  Mogotcs. 
Mohave,  Ariz. 

Colorado  River  near.    See  Colorado  River  at 
Bulls  Head: 
•  Mohave  River,  Cal.: 

description Ann  19,  iv,  pp  614-615; 

21,  iv,  pp  471-472 
near  Victor  reservoir  dam  site: 

discharge Bull  140,  p  318 

near  Victorville,  Cal.: 

description...  WS  39,  p  408;  51,  p  463;  66, 
p  159;  85,pp  175-176;  100,  p  337 

discharge WS  39,  p  408;  51,  p  463; 

66,  p  160;  85,  p  176;  100,  p  338 

discharge,  monthly Ann  21,  iv,  p 

473;  22,  iv,  p  503;  WS  75,  pp 

221-222;  85,  p  177;  100,  p  339 

elevation  of  surface  and  bed  rock .  Ann  21, 

iv,  p  472 

gage  heights WS  39,  p  409; 

51,  p  464;  66,  p  160 

hydrograph Ann  22,  iv,  p  503 

map,  showing  borings. .  Ann  21,  iv,  p  472 

rating  table WS  39,  p408 

Mohawk  River,  N.Y.: 

description Ann  22,  iv,  p  84 

drainage  areas WS  65,  p  175 

discharge WS  65,  p  143 
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Mohawk  River,  N.  Y.— Continued, 
near  Dunsbach  Ferry,  N.Y.:  » 

description WS  47,  pp  69-70; 

65,  pp  180-181;  82,  pp  96-97;  97,  p  190 
discharge,  daily. .  WS 65, pp  181-182;  82,  p97 

discharge,  high-water WS  65,  p  181 

discharge,  monthly. .  WS  65,  p  183;  82,  p  98 

gage  heights WS  47,  pp  70-71 

near  Little  Falls,  N.  Y.: 

description WS  35,  p  51; 

17,  p  52;  65,  p  162;  82,  p  92;  97,  p  196 

discharge WS  47,  pp  39, 52- 

53;  65,  pp  102, 163 

discharge,  daily "WS  35,  p  51; 

47,  pp  54-55;  65,  p  103;  82,  p  93 

discharge,  flood WS  47,  p  53;  65,  p  165 

discharge,  low-water. .  WS47, p54; 65,  pl65 

discharge,  monthly Ann  22,  iv,  p  94; 

WS  35,  p  24;  65,  p  164;  82,  p  94 
near  Rexford  Flats,  N.  Y.: 

description WS  35,  p  57; 

47,  pp  66-68;  65,  pp  176,  177 

discharge WS  47,  p  68;  65,  pp  176,  177 

discharge,  daily WS  35,  p  57; 

47,  pp  68-69;  65,  p  178 

discharge,  flood WS  65,  p  177 

discharge,  monthly Ann  22,  iv,  p  102; 

WS  35,  p  24;  65,  p  179 

diverted  water WS  65,  p  176 

hydrographs.  Ann  21,  iv,  p  70;  22,  iv,  p  103 
hydrographs. .  Ann  21,  iv,  p  67;  22,  iv,  p  95 
near  Ridge  Mills,  N.  Y. : 

description WS  35,  p  45; 

47,  pp  43-44;  05,  pp  144-145 

discharge W3  47,  p  39;  65,  p  145 

discharge,  daily.  WS  35,  p  46;  47,  pp  44-45 

discharge,  monthly Ann  21,  iv,  p  65; 

22,  iv,  p  86;  WS  35,  p  24 

diverted  water WS  65,  p  145 

hydrographs.  Ann  21,  iv,  p  65;  22,  iv,  p  87 
near  Rocky  Rift  dam,  N.  Y.: 

description WS  65,  'p  165 

discharge WS  65,  p  166 

discharge,  daily WS  65,  p  106 

near  Rome,  N.  Y.: 

discharge "WS  47,  p  39 

near  Schenectady,  N.  Y.: 

description WS  35,  pp  55-56; 

47,  pp  65-66;  65,  pp  172-173 

discharge "WS  47,  pp  39,  66;  65,  p  173 

discharge,  daily WS  65,  pp  173-174 

discharge,  montaly WS  65,  p  175 

gage  heights WS  35,  p  56;  47,  p  66 

hydrograph WS  75,  p  25 

near  Utica,  N.  Y.: 

description WS  65,  p  151; 

82,  p  80;  97,  p  205 
discharge. .  WS  65,  p  152;  82,  p 81;  97,  p  206 

discharge,  daily WS  65,  p  153; 

82,  p81;  97,  p  206 

discharge,  flood WS  65,  p  152 

discharge,  monthly. .  "WS  65,  p  152;  82,  p  82 
Mohawk  River  basin: 

description.  Ann 21,  iv,p64;  WS  65,  pp  142-111 
gaging  stations: 

description WS  47,  pp  142-144 
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Mohawk  River  basin— Continued. 

map Ann  21,  iv,  p  64 

rainfall  data WS  75,  p  230 

slope  gagings: 

description.  WS  65,  pp  184, 192-197, 204-207 

tables WS  65,  pp  184-192, 198-204 

Mohawk  River,  upper: 

discharge WS  65,  p  143 

Mohawk  Valley: 

dams  and  canal  feeders  on WS  65,  p  143 

Mokelumne  River,  Cal.: 

description Ann  12,  ii,  p  323 

discharge,  low-water Ann  22,  iv,  p  495; 

WS39,  p432;  51,  p  480 

discharge,  miscellaneous "WS  85,  p  159 

near  Electra,  Cal.: 

description . .  WS  66,  p  145;  100,  pp  280-281 

discharge WS  66,  p  145;  100,  p  281 

discharge,  monthly WS  75,  p212; 

100,  p  282 

gage  heights WS  66,  p  146;  100,  p  281 

rating  tables WS  66,  p  178;  100,  p  282 

near  Lodi,  Cal.: 

description Bull  131,  p  86;  140,  p  308 

discharge Bull  140,  p  308 

gage  heights Bull  131,  pp  86-87 

140,  pp  309-310 
near  Lone  Star  mill,  Cal.: 

discharge,  yearly ....  Bull  140,  pp  311-312 
near  McGee'smill,  Cal.: 

Ii  yd  rograph Ann  12,  i  i ,  \  i  322 

Mokelumne  River,  Middle  Fork  of,  Cal.: 

discharge WS  85,  p  158 

Mokelumne  River,  North  Fork  of,  Cal.: 

discharge WS  85,  p  158 

Mokelumne  River,  South  Fork  of,  Cal.: 

discharge ws  85,  p  158 

Molina,  <Ja. 

Flint  River  near: 

description Ann  19,  iv,  p  23' 

20,  iv.  p  184;  ws  15,  p  45;  27,  p 

discharge Ann  19,  iv,  p  234; 

WS  15,  p  45;  27,  p  57;  48,  p  157 

discharge,  monthly Ann  20,  iv,  p  184 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  15,  p  45;  27,  p  49 

hydrographs Ann  19,  iv, 

p234;  20,  iv,  p  184 

rating  table WS  27,  p  58 

Red  Oak  Creek  near: 

discharge Ann  19,  iv,  p  240 

Moncure,  N.  C. 

Deep  River  near: 

description....  WS27,p26;  36,  pp  113-114 
discharge. .  WS  27,  p  44;  36,  p  114;  48,  p  137 

discharge,  monthly Ann  21,  iv,  p  117 

gage  heights WS  27,  p  35;  36,  p  114 

hydrograph Ann  21,  iv,  p  118 

rating  table WS  39,  p  443 

Haw  River  near: 

description.  WS  27,  pp  25-26;  36, pp  112-113 
discharge..  WS27,p44;  36,  p  113;  48, p  137 

discharge,  monthly Ann  21,  iv,  p  115 

gage  heights WS  27,  p  35;  36,  p  113 

hydrograph Ann  21,  iv,  pll6 

rating  table WS  39,  p  443 

rainfall  data WS  83,  p  54 


Monero,  N.  Mex. 

rainfall  data Ann  20,  iv,  pp  356,  359 

Monfrena  Springs  in— 
Carson  Valley,  New: 

discharge WS  100,  p  227 

Monocacy  River: 

description Ann  21,  iv,  p  97 

near  Frederick,  Md.: 

description Ann  18,  iv,  p  34; 

19,  iv,  p  153;  20,  iv,  p  129; 

WS  15,  p  20;  27,  p  10;  35, 

pp  93-94;  48,  p  125;  65,  p  234; 

82, pp  181-182;  97,pp305-306 

discharge  ..  Ann  18,  iv,  p  34;  19,  iv,  pl53; 

WS  15,  p  20;   27,  p  24; 

35,  p  94;  48,  p  125;  65,  p 

234;  82,  p  182;  97,  p  306 

discharge,  monthly Ann  18,  iv,  p  35; 

19,  iv,  p  154;  20,  iv,  pp  120, 129; 
21,  iv,  p  98;  22,  iv,  p  139;  WS 
75,   p  40;   82,  p   183;   97,  p  308 

discharge,  yearly Ann  20,  iv,  p  49 

gage  heights WS  11,  p  11;  15,  p  20; 

27,  p21;  35,  p94;  48,  p  125; 
65,  p  235;  82,  p  182;  97,  p307 

hydrographs Ann  19,  iv,  p  155; 

20,  iv,  p  130;  21,  iv, 
p  98;  22,  iv,  p  140 

rating  tables Ann  18,  i v,  p  35; 

19,  iv,  pl54;  WS27,  p  25; 
39,  p  442;  52,  p  512,  65, 
p  311);  82,  p  183;  97,  p  307 

water  powers  and  pollution Ann  19, 

iv,  p  153 
Monocacy  River  basin: 

rainfall  and  run-off  relation.  Ann  20,  iv,  p  121 
Mono  Creek,  Cal.: 

discharge WS  85,  p  160 

near  Mono  dam  site,  Cal.: 

description WS  100,  p  319 

discharge WS  100,  pp  319-321 

discharge,  monthly WS  100,  p  322 

gage  heights WS  100,  pp  321-322 

Monongahela  River  basin: 

description WS  83,  p  182;  98,  pp  242-243 

Monroe,  N.  J. 

Whippany  River  near: 

description WS  97,  p  235 

Monroe  Creek,  Nebr.: 

discharge Ann  20,  i v,  p  300-301; 

WS  50,  p  311 
Montague,  Me. 

Penobscot  River  near: 

description...  WS65,  pl5;  82,pl6;  97,  p28 

discharge WS65,pl5;  38,  pl7;  97,  p28 

discharge,  monthly WS  82,  p  18; 

97,  pp  31-32 

gage  heights WS  65,  p  15; 

82,  pl7;  97,  pp  29-30 

rating  tables WS  82,  p  18;  97,  p  31 

Montana: 

reservoir  sites  in Ann  11,  ii,  pp  120-125, 

127-133;  12,  ii,  pp  127-165 

river  gages  in,  elevations  of Bull  131,  p  23 

Monte  Vista,  Cal. 

rainfall  data WS  66,  pp  168,  169 
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Montezuma  Valley: 

canals  and  irrigated  lands  in  (map) .  Ann  20, 

iv,  p  418 
Montezuma  Valley  canal: 

description Ann  'JO,  iv,  pp  417-419 

Montgomery,  Ala. 

Alabama  River  near: 

description WS  36,  pp  153-154; 

48,  p  168;  65,  p  281;  83,  pp 
133-134;     98,   pp    134-135 

discharge WS  48,  p  168 

gage  heights WS  36,  p  154;  48,  p  169; 

65,  p  282;  83,  p  134;  98,  p  135 
Montgomery,  Cal. 

Hatchet  Creek  near: 

discharge WS  100,  p  305 

Montgomery  Creek  near: 

discharge "WS  100,  p  305 

Montgomery  Creek,  Cal.: 
near  Montgomery: 

discharge WS  100,  p  305 

Montgomery  Creek,  Ga.: 
near  Randa: 

discharge WS  49,  p  208 

Montgomery  Ferry,  Idaho. 
Snake  River  near: 

description Ann  18,  iv,  pp  334-335; 

Bull  140,  p  241;  WS  16,  p  165;  28, 
p  155;  38,  pp  351-352;  51,  p  426;  66, 
p   126;   85,  pp  213-214;   100,  p  443 

discharge Ann  18,  iv,  p  335; 

Bull  140,  p  241;  WS  16,  p  165; 
28,  p  168;  38,  p  352;  51,  p  426; 
66,  p  126;  85,  p  214;  100,  p  444 

discharge,  monthly Ann  18,  iv,  p  336; 

19,  iv,  p  447;  20,  iv,  pp  473, 474; 
21,  iv,  p  405;   WS  100,  p  445 

discharge,  yearly Ann  20,  iv,  p  61 

gage  heights Bull  140,  p  241;  WS  11, 

p  80;   16,  p  165;   28,  p  160;   38,  p 
352;  66,  p  127;  85,  p  214;  100,  p  444 

hydrographs Ann  19,  iv,  p  448; 

20,  iv,p  475;  21,iv,p406 

rainfall  and  run-off  relation Ann  20, 

iv,  p  474 

rating  tables Ann  18,  iv,  p  335; 

19,  iv,  p447;  WS  28,  p 
169;  39,  p  453;  100,  p  445 
See  also  Minidoka. 

Monticello,  Iowa. 

South  Maquoketa  River  near: 

discharge WS  99,  p  18 

?    Montpelier,  Ohio. 

rainfall  data WS  75,  p  111 

Montreal,  Canada. 

St.  Lawrence  River  near: 

description WS  36,  pp  193-194 

discharge WS  36,  p  194 

Montrose  canal  near— 
Montrose,  Colo.: 

discharge -WS  100,  p  93 

Montrose,  Colo. 

Cedar  Creek  near: 

discharge WS  100,  p  93 

ditches  near: 

discharge "WS  100,  pp  92, 93 


WS  100,  p  92 


Montrose,  Colo. — Continued. 
Dry  Creek  near: 

discharge 

Montrose  canal  near: 

discharge WS  100,  p  93 

rainfall  data Ann  20,  iv, 

pp  375, 376, 379, 397, 398, 399 
Spring  Creek  near: 

discharge WS  100,  p  93 

Supply  ditch  near: 

discharge WS  100,  p  93 

Uncompahgre  River  near: 

description. . .  WS  50,  pp 379-380;  100, p  70 
discharge.  WS50,p380;  66,p98;  100, p  70 

discharge,  monthly Ann  22,  iv,  p  392; 

WS  100,  p  72 

gage  heights WS  11,  p  69; 

50,  p380;  100,  p  71 
rating  tables  . .  WS52,p520;  100,  pp  71-72 
Monument,  Kans. 

rainfall  data Ann  20,  iv,  pp  306, 309, 313 

Moody  Mill  Creek  in— 
Watauga  River  basin: 

discharge WS  49,  p  215 

Mooretield  River  near — 
Moorefield,  W.  Va.: 

discharge Ann  19,  iv,  p  134 

Moores  Ranch,  Nebr. 
Buffalo  Creek  near: 

discharge Ann  18,  iv,  p  206 

Moorhead,Minn. 
Red  River  near: 

description WS  66,  pp  9-10 

discharge WS  66,  p  10 

gage  heights WS  66,  p  10 

Moorhead,  Tex. 

Pecos  River  near: 

description WS  50,  p  362; 

66,  p  77;  84,  p  166;  99,  p  351 

discharge WS  50,  p  363; 

66,  p  78;  84,  pp  166-167;  99,  pp  352-353 

discharge,  monthly WS  75,  p  160; 

84,  p  168;  99,  p  354 

gage  heights WS  50,  p  363; 

66,  p78;  84,  p  167;  99,  p  354 
Rio  Grande  near: 

discharge,  monthly Ann  22,  iv,  p  356 

Moose  Creek  in— 

Bitterroot  Forest  Reserve: 

discharge Ann  19,  iv,  p  460 

Moosehead  Lake,  Me. 

log  sluicing  to Ann  19,  iv,  pp  58-59 

Moose  River,  Me. 

description Ann  19,  iv,  p  78 

near  Rockwood: 

description WS  82,  p  36;  97,  pp  49-50 

discharge WS  82,  p  36;  97,  p  50 

gage  heights WS  82,  p  36;  97,  p  50 

Moose  River,  N.  Y. 
near  McKeever: 

description WS  65,  pp  98-99 

near  Moose  River: 

description WS  49,  pp  234-235; 

82,  p  60;  97,  p  371 

discharge WS  97,  p  371 

gage  heights WS  49,  p  235; 

65,  p  99;  82,  p  61;  97,  p  372 
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Mora  River  near- 
La  Cueva,  N.  Mux.: 

discharge WS  99,  p  249 

gage  heights W8  99,  p249 

Watrous,  N.  Mex.: 

description Ann  18,  iv,  p  245; 

BuU  131,  p40;  140,  p  168 

discharge Ann  18,  iv,  p  245; 

Bull  131,  p92;  140,  pl68 

gage  heights WS  11,  p  64; 

Bull  140,  pp  168-169 
Weber,  N.  Mex. : 

description WS  99,  pp  247-248 

discharge WSW.  p  248 

gage  heights WS  99,  p  2  18 

Moraine,  Colo. 

rainfall  data Ann  20.  iv.  pp  257,  259,  265; 

WS  75.  pp  132,  135,  137 
Moran,  Wyo. 

South  Fork  snake  River  near 

description ws  100,  p  452 

discharge ws  100,  p452,  461 

gage  heights ws  100,  p  453 

Morapes  Creek  near— 
Hamilton.  Colo.: 

discharge ws  66,  p  98 

Morena  rock-fill  dam: 

description Ann  is,  iv.  pp  640-642 

Moretz,  X.  ('. 

Meal  <  lamp  Creek  near: 

discharge ws  49,  p  210 

Morey,  Miss. 

Big  Black  River  near: 

discharge ws  98,  p  297 

Morganton,  Ga. 

Star  Creek  near: 

discharge ws  48,  p  218 

German  Creek  near: 

discharge ws  49,  p  218 

Morganton,  X.  C. 

Catawba  River  near: 

description ws  is,  pp  140-141; 

65,  p247;  83,  p  75;  98,  pp  45-46 

discharge ws  is,  pl41; 

65,  p247;  83,  p  75;  98,  p46 
discharge,  monthly,  ws  83,  p  77:  98,  p  47 

gage  heights WS  48,  p  141; 

83,  pp  75  76;  98,  pp  46-47 

rainfall  data WS  83,  p  77 

rating  tables ws  83,  p  76;  98,  p  47 

John  River  near: 

description WS  18,  pp  142-143; 

66,  p  247;  83,p77 

discharge WB48,pl43;  65,  p  247; 

83,  p77;  98,  p55 

discharge,  monthly ws  83,  p  80 

heights ws  48,  p  1 1:'»; 

65,  p247;  83,  pp  78-79 

rainfall  data WS  83,  p  80 

rating  table WS  83,  p  79 

silver  Creek  near: 

discharge WS  49,  p  205 

Morgantown,  W.  Va. 
Cheat  River  near: 

description WS  83,  p  184;  98,  p  245 

discharge WS  83,  p  184;  98,  p  245 

gage  heights WS  83,  p  185;  98,  p  246 


Moro,  Oreg. 

Deschutes  River  near: 

description WS  16,  p  181;  28,  p  159; 

38,  pp  377-378;  51,  p  445 

discharge WS  16,  p  181; 

28,  p  169;  38,  p  378 

discharge,  monthly Ann  21,  iv,  p  433 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  16,  p  181; 

28,  p  167;  38,  p  378 

hydrograph Ann  21,  iv,  p  434 

rating  table WS  39,  p455 

Morrison,  Colo. 

Bear  Creek  near: 

description Ann  18,  iv,  p  167; 

Bull  1 10,  p  106;  WS  15,  p  90; 
27,  p  77;  37,  pp  227-228; 
49,  p  284;  66,  p   31;  84,  p  89 

discharge Ann  13,  iii,  p  85; 

18,  iv,p  16S;  Bull  140,  p  106; 
WS  15,  p  90;  27,  p  86;  37,  p 
228;  19,p2S4;66,p31;84,p94 

discharge,  monthly Ann  18,  iv,p  169; 

19,  iv,  p  317;  20,  iv,  pp  263, 284; 
21,iv,p204;  22,iv,p321;  Bull 
1  10,  p  107;  WS  75,  pp  127,135 

discharge,  yearly Ann  20,  iv,p54 

gage  heights Bull  140,  p  107:  WS  11, 

p54;  L5,p90;  27,p81;  37,p228; 
49,  p   285;  66,  p    31;   84,    p  89 

hydrographs Ann  19,  iv,  p  317; 

20,  iv,  p  285;  21,  iv,  p  204;  22,  iv,  p  321 

rainfall  and  run-off  relation Ann  20, 

iv,p266 

rating  tables Ann  18, iv, p  168; 

19,  iv,  p  317;  Bull  140,  p  106;  WS 
39,    p  448;   52,  p  517;  66,  p   171 
Morrow,  Ohio. 

Little  Miami  River  near: 

description WS  98,  pp  231-232 

discharge WS98,  p232 

gage  heights WS  98,  p  232 

Morse  River  near — 

Port  Angeles.  Wash.: 

discharge WS  51,  p  450;  66,  p  112 

Morse's  house,  Cal. 

rainfall WS  52,  pp  495,  496 

Morton  Lake  dam  site: 

map Ann  20,  iv,  p  425 

Morton  Lake  reservoir  site: 

area  and  capacity Ann  20,  iv,  p  424 

description Ann  20,  iv,  pp  422-426 

map Ann  20,  iv,  p  423 

Mosquito  Bar,  Cal. 

South  Fork  American  River  near: 

discharge WS  66,  p  167 

Motts  Canyon  Creek  in— 
Carson  Valley,  Nev.: 

discharge WS  85,  p  126;  100,  p  228 

Moulton,  Nebr. 

North  Loup  River  at: 

discharge Ann  20,  iv,  p  300 

Bull  131,  p  92 
Mount  Airy,  N.  C. 
Ararat  River  near: 

discharge WS  98,  p  38 
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Mount  Airy,  N.  C— Continued. 
Lovells  Creek  near: 

discharge W8  98,  p  38 

Stewarts  Creek  near: 

discharge WS  98,  p  38 

Mount  Breckenridge,  Cal. 

rainfall  data Ann  18,  iv,  p  418 

19,  iv,  pp  538, 539;  20  iv,  pp 
560,  5G1 ;  WS  39,  pp  437,  438 
Mount  Carmel,  S.  C. 

rainfall  data Ann  20,  iv,  pp  158,  159,  181 

Mount  Holly,  N.  C. 

Catawba  River  near: 

discharge WS  98,  p  55 

Mount  Lowe,  Cal. 

rainfall  data Ann  18,  iv,  p  418; 

19,  iv,  pp  538,  539;  20,  iv,  pp  500,  561; 
WS  39,  pp  437,  438;   52,  pp  495,  496 
Mount  Meridian,  Va. 
Middle  River  at: 

discharge Ann  19,  iv,  p  138 

Mount  Morris,  N.  Y. 
Genesee  River  near: 

description Ann  19,  iv,  pp  262-264; 

WS  97,  p  411 

discharge WS  97,  p  411 

discharge,  monthly Ann  20,  iv, 

pp  225-226 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  97,  p  412 

hydrographs Ann  19,  iv,  p  263; 

20,  iv,  p  227 
Mount  Pleasant,  Utah. 

rainfall  data Ann  20,  iv,  pp  4,54,  457,  458 

Mount  reservoir  and  canal- 
near  Utah  Lake: 

map Ann  20,  iv,  p  467 

Mount  Sister  Elsie,  Cal. 

rainfall  data WS  39,  pp  437,  438; 

52,  pp  495,  496;  66,  pp  168,  169 
Mountain  Branch  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  171 

Mountain  Creek  in- 
Broad  River  basin,  N.  C: 

discharge WS  49,  p  205 

Mountain  Home,  Cal. 
Mill  Creek  below: 

diurnal  variation,  diagram Ann  22, 

iv,  p  498 

rainfall  data Ann  19,  iv,  pp  538,  539; 

20,  iv,  pp  560,  561;  Bull  140,  p  268 
Mountain  Park,  Okla. 
Otter  Creek  near: 

description WS  99,  pp  316-317 

discharge WS  99,  p  317 

discharge,  monthly WS  99,  p  319 

gage  heights WS  99,  pp  317-318 

rating  table WS  99,  p  318 

Mountain  Scene,  Ga. 
Centers  Creek  near: 

discharge WS  49,  p  217 

High  Shoals  Creek  near: 

discharge WS  49,  p  217 

Mountaintown  Creek  near— 
Ratcliff,  Ga.: 

discharge WS  49,  p  209 


Mountaintown    Creek,   Middle    and    West 
Prongs  of,  Ga.: 

discharge WS  49,  p  209 

Mountainview,  N.  J.    See  Two  Bridges. 
Mouse  River  near— 
Minot,  N.  Dak.: 

description WS  100,  pp  486-487 

discharge WS  100,  p  487 

discharge,  monthly WS  100,  p  488 

gage  heights WS  100,  p  487 

rating  table WS  100,  p  488 

Moxee  Valley,  Wash. 

artesian  wells  in Ann  20,  iv,  pp  50S-509; 

WS  75,  pp  201-205 
Muckalee  Creek  near- 
Albany,  Ga.: 

description WS  98,  p  111 

discharge WS  83,  pp  127, 12b;  98,  p  112 

discharge,  monthly WS  98,  p  113 

gage  heights WS  98,  p  1 12 

rating  table WS  98,  p  1 13 

■  Leesburg,  Ga.: 

discharge WS  98,  p  128 

Mud  Creek,  Colo.,  near — 
Prowers: 

discharge WS  99,  pp  308-309 

Mud  Creek,  N.  C,  in- 
French  Broad  River  basin: 

discharge WS  49,  p  211 

Mud  Creek,  Tex.: 

description WS  50,  p  345 

Muddy  Creek,  Colo.,  near — 
Kremmling: 

discharge WS  66,  p  98 

Muddy  Creek,  Nebr. 

discharge WS  50,  p  311 

near  Arapaho,  Nebr.: 

discharge WS  50,  p  311 

Muddy  Creek,  N.  C,  near— 
Bridgewater: 

discharge WS  49,  p  205 

Muddy  Creek,  Va.,  in— 
.lames  River  basin: 

discharge Ann  19,  iv,  p  171 

Mullen,  Nebr. 

Middle  Loup  River  mar: 

discharge Ann  20,  iv,  p  300; 

Bull  140,  p  117 
Mulberry  Creek  in — 

Catawba  River  basin,  N.  G: 

discharge WS  49,  p  205 

New  River  basin,  N.  C: 

discharge WS  49,  p  210 

Mulberry  Creek  near— 
Ipe,  Tenn.: 

discharge WS  49,  p  217 

North  Wilkesboro,  N.  C: 

discharge WS  98,  p  38 

Mulberry   Fork    of    Black   Warrior    River 
near- 
Cordova,  Ala.: 

description WS  65,  p  283 

discharge WS  65,  p  283 

discharge,  monthly WS  75,  p  95 

gage  heights WS  65,  p  284 

Mulberry  River  in— 

Yadkin  River  basin,  N.  C: 

discharge WS  49,  p  204 
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Mullins's  formula WS  65,  p  96 

Murphy,  N.  C. 

Hanging  Dog  Creek  near: 

discharge WS  98,  p  293 

Hiwassee  River  near: 

description Ann  18,  iv,  p  118; 

19,  iv,  p  259;  WS  15,  p  63;  27, 
p  60;  36,  pp  169-170;  48,  p  190; 
65,  p  306;  83,  p  214;  98,  p  268 

discharge Ann  18,  iv,  p  118; 

Bull  140,  p  82;  WS  15,  p  63; 
27,  p  65;  36,  p  170;  48,  p  190; 
65,  p  306;  83,  p  214;  98,  p  268 

discharge,  monthly Ann  19,  iv,  p  260; 

20,  iv,  p  209;  21,  iv,  p  165;  22,  iv,  p  224; 
WS  75,  p  106;  83,  p  216;  98,  p  270 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights WS  11,  p  43;  15,  p  63; 

27,  p64;  36,  p  170;  48,  p  191; 
65,  p  307;  83,  p215;  98,  p  269 

hydrographs Ann  20,  iv,  p  209; 

21,  iv,  p  165 

rating  tables Ann  19,  iv,  p  259; 

27,  p  66;  39,  p  446;  52,  p  515; 
65,  p324;  83,  p215;  9*,  p  269 
Martins  Creek  near: 

discharge WS  98,  p  293 

Valley  River  near: 

discharge  Ann  18,  iv,  p!23;  WS98,p293 
Muscadine,  Ala. 

Tallapoosa  River  near: 

discharge WS49,  p  210 

Muscoda,  Wis. 

Wisconsin  River  near: 

description WS  83,  p  168;  98,  p  185 

discharge ws  S3,  p  169;  98,  p  iv<; 

gage  heights WS83,  p  169;  98,  p  L86 

Musconetcong  River  near— 
Asbury,  X.  J.; 

description ws  (.»7,  pp  252-253 

rating  table WS  97,  p  253 

Bloomsbury,  N.  J.: 

description ws  <i7,  p  •_'•">  i 

discharge ws  97,  p  254 

gage  heights WS  97,  p  254 

Musdrove  Creek  in — 

Washoe  Valley,  New: 

discharge WS  100,  p  231 

Muskegon  River,  Mich.: 

description ws  49,  pp  249-251 

near  Big  Rapids: 

discharge WS  49,  p  250 

near  NewagO,  Mich.: 

description ws  49,  pp  249-250; 

83,  p  285;  97,  p  442 
Muskegon  River  basin,  Mich.: 

description Ann  22,  iv,  pp  256-258; 

WS  83,  p  285 

map Ann  22,  iv,  p  257 

water  powers Ann  22,  iv,  p  258 

Muskingum  River  drainage  basin: 

description Ann  18,  iv,  pp  460-463; 

WS  83,  p  180;  98,  p  228 

rainfall  data Ann  18,  iv,  p  462 

Musselshell  River  near— 
Shawmut,  Moid.: 

description  . . .  WS  84,  p  31;  99,  pp  111-112 
gage  heights WS  84,  p  32;  99,  p  112 


Musselshell  River  basin,  Mont.: 

irrigation  surveys Ann  13,  iii,  pp  60-62 

Mutah  Flat,  Cal. 

rainfall  data Ann  19,  iv,  pp  538, 539; 

20,  iv,  p  560;  WS  39,  pp  437, 438; 
52,   pp  495,496;    66,   pp  168,169 
Mystic,  S.  Dak. 

Rapid  Creek  near: 

discharge WS  99,  p  135 

Mystic  Lake,  Mass. 

description WS  35,  p  39;  47,  p  34;  65,  p  27 

discharge,  monthly WS  35,  pp  39,  40 

Myton,  Utah, 

Duchesne  River  near: 

description WS  100,  p  106 

discharge WS  100,  p  107 

discharge,  monthly WS  100,  p  109 

gage  heights WS  100,  p  108 

Set  also  Duchesne  River  near  Price 
Road  Bridge. 

N. 

N aches  River,  Wash.: 

discharge Ann  19,  iv,  p  477 

near  Nelson  Bridge,  Wash.: 

discharge Bull  131,  p  92 

near  North  Yakima,  Wash.: 

description Ann  14,  ii,  p  133; 

is,  iv,  p  355;  Bull  131,  pp  73-74; 
140,  pp  244-245;  WS  16,  p  174;  28,  p 
158;  38,  pp  372-373;  51,  p  440;  66,  p 
133;  85,  pp  191-192;  100,  pp  379-380 

discharge Ann  14,  ii,  p  133; 

18,  iv,  p355;  Bull  131,  pp  74,  90;  140, 
p  245;  WS  16,  p  174;  38,  p  373;  51,  p 
440;  66,  p  134;  85,  p  192;  100,  p  380 

discharge,  monthly Ann  18,  iv,  p  356; 

20,  iv,  pp  499,  503;  21,  iv, 
p426;22,iv,p445;  WS75, 
p202;  85,  pi 94;  100,  p 382 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights. . . .  Bull  131,  p  74;  140,  p  245; 
WSll,p84;  16,  p  174;  28,  p 
164;  38,  p  373;  51,  p  440;  66, 
p  134;  85,  p  193;  100,  p  381 

hydrographs Ann  20,  iv,  p  503; 

21,iv,p426;  22,iv,p446 

rainfall  and  run-off  relation Ann  20, 

iv,p500 

rating  tables Ann  18,  iv,  p  356; 

WS  39,  p  454;  52,  p  522;  66, 
].  177;   85,  pl93;  100,  p  381 
Naches  River  basin,  Wash.: 

description Ann  21,  iv,  p  425; 

22,  iv,  pp  444-445 
Nacimiento  Creek,  Cal. 

discharge WS  66,  p  167 

near  Bryson,  Cal.: 

description WS  66,  p  1 5 1 

discharge WS  66,  p  154 

discharge,  monthly WS  75,  p  219 

gage  heights WS  66,  p  154 

Nacoochee,  Ga. 

Chattahoochee  River  near: 

discharge WS  49,  p  208 

Naked  Creek  in— 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  138 
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Nameless  Creek,  Cal.,  in— 
Kern  River  basin: 

discharge WS  100,  p  307 

Nampa,  Idaho. 

rainfall  data Ann  20,  iv,  pp  470,  472,  474 

Nantahala  River,  N.  C: 
near  Almond: 

discharge Bull  140,  p  82 

near  Aquone,  N.  C: 

discharge Bull  140,  p  82 

Nanticoke,  Pa. 

Pennsylvania  canal  near: 

discharge WS  48,  p  114 

Naples,  111. 

Illinois  River  near: 

discharge Ann  21,  iv,  p  176 

Naples,  Tex. 

Sulphur  Fork  near: 

discharge "WS  84,  p  140 

Napoleon,  Ohio. 

rainfall  data WS  75,  pill 

Naponee,  Nebr. 

Turkey  Creek  near. 

discharge "WS  50,  p  311 

Narraguinnep  dam  site 

map Ann  20,  iv,  p  421 

Narraguinnep  reservoir  site 

area  and  capacity Ann  20,  iv,  p  420 

description Ann  20,  iv,  pp  419-422 

map Ann  20,  iv,  p  420 

Narrows  (The),  Cal. 

Los  Angeles  River  near: 

description "WS  39,  pp  409-410 

discharge "WS  39,  p  410 

Narrows,  Oreg. 

Malheur  Lake  near: 

description "WS  1 00,  p  429 

gage  heights WS  100,  p  430 

Nashua  River  near- 
Clinton,  Mass.: 

description WS  35,  p  36;  47,  p  33 

hydrograph WS  75,  p  21 

Nashua  River  basin: 

discharge,  monthly WS  92,  p  50-51 

Nashua  River,  South  Branch  of,  near- 
Clinton,  Mass.: 

description "WS  65,  pp  22-24; 

82,  pp  54-55;  97,  pp  7X-79 

discharge,  monthly WS  65,  pp  2 1 -25; 

82,  p  55;  97,  p  79 

rainfall  data WS  65,  pp  24-25; 

82,  p  55;  97,  p  79 
Nashville,  Tenn. 

Cumberland  River  near: 

description WS  65,  p  296; 

83,  pp  200-201;  98,  p  253 

discharge "WS  65,  p  297 

gage  heights WS  65,  p  297; 

83,  p  201;  98,  p  254 
Neah,  Wash. 

rainfall  data Ann  19,  iv,  p  508 

Neal,  N.  C. 

Roanoke  River  near: 

description Ann  18,  iv,  p  47; 

WS  15,  p  28:  27,  p  25;  36, 
p  109;  48,  pp  131-132;  65, 
p242;  83,  pp  16-17;  98,pl5 


Neal,  N.  C— Continued. 

Roanoke  River  near— Continued. 

discharge Ann  18,  iv,  p  48; 

WS  15,  p  28;  27,  p  44;  36,  p  109; 
48,  p  132;  65,  p  242;  83,   p   17 

discharge,  monthly Ann  18,  iv, 

p  50;  19,  iv,  p  182;  20,  iv,  pp  139, 
142;  21,  iv,  p  111;  22,  iv,  p  152; 
WS  75,  p  54;   83,  p  18;  98,  p  16 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  15;  15,  p  28; 

27,  p  33;  36,  p  109;  48,  p  132; 
65,  p  243;  83,  p  17;  98,  p  15 

hydrographs Ann  19,  iv,  p  182; 

20,  iv.  pl42;  21,  iv,  pill; 
22,  iv,  p  152;  WS  75,  p  54 

rainfall  and  run-off  relation Ann  20, 

iv,  p  139 

rating  tables Ann  18,  iv,  pp  48-49; 

19,  iv,  p  181;  WS  27,  p  45;  39,  p  443; 
52,  p  512;  65,  p  320;  83,  p  18;  98,  p  16 
Neat  Camp  Creek  near— 
Moretz,  N.  C: 

discharge WS  49,  p  210 

Nebraska,  geology  and  water  resources  of, 
west  of  103d  meridian,  by  N.  H. 

Darton Ann  19,  iv,  pp  719-785 

Necedah,  Wis. 

Wisconsin  River  near: 

description WS  83,  p  169;  98,  p  187 

discharge WS  83,  p  169;  98,  p  188 

discharge,  monthly WS  98,  p  190 

gage  heights.  WS  83,  p  169;  98,  pp  188-189 

rating  table WS  98,  pp  189-190 

Neche,  N.  Dak. 

Pembina  River  near: 

description "WS  100,  pp  488-489 

discharge WS  100,  p  489 

discharge,  mont hi  y WS  100,  p  491 

gage  heights WS  100,  p  490 

rating  table WS  100,  p  490 

Neches  River,  Tex. 

discharge WS  84,  p  142 

Neches  River  basin: 

description WS  84,  pp  141-142 

discharge WS  84,  p  142 

Negaunee,  Mich. 
Dead  River  near: 

description WS  83,  p  246;  97,  p  487 

discharge WS  83,  p  247;  97,  p  4s7 

discharge,  daily WS  97,  pp  488-489 

gage  heights WS  83,  p  247:  97,  p  487 

rating  table WS  97,  p  488 

Neighbor  ditch,  Nebr. 
at  headgate: 

discharge Ann  18,  iv,  p  206 

Nelson  Bridge,  Wash. 
Naches  River  near: 

discharge Bull  131 ,  p  92 

Neodesha,  Kans. 
Fall  River  near: 

discharge Ann  19,  iv,  p  369,  372 

Neosho  River,  near— 
Iola,  Kans.: 

description Ann  18,  iv,  p  238; 

Bull  140,  p  163;  WS  16,  p  126; 
28,  p  110;  37,  p  267;  50,  pp  331- 
332;  66,  p57;  84,  p  115;  99,  p  254 
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Neosho  River  near— Continued. 
Iola,  Kans.— Continued. 

discharge Ann  18,  iv,  p  238; 

21,  iv,  p  244;  BuU  140,  p  163;  WS 
16,  p  126;  28,  p  116;  37,  p  267;  50, 
p  332;  66,  p  57;  84,  p  115;  99,  p  255 

discharge,  monthly Ann  18,  iv,  p  240; 

19,  iv,  p  362;  20,  iv,  p  347;  21, 
iv,  pp  245-246;  22,  iv,  p  346; 
WS75,pl49;  84,  p  116;  99,  p 256 

discharge,  yearly Ann  20,  iv,  p  57 

flood  discharge  computations.  Ann  21,  iv, 
pp  247-248 

gage  height.; Bull  140,  p  164; 

WS  11,  p  63;  16,  p  126;  28, 
p  115;  37,  p  267;  50,  p  332; 
66,  p  58;  84,  p  115;  99,  p  255 

gage  readings,  summary Ann  21,  iv 

pp  249-250 

hydrographs Ann  19,  iv,  p  363; 

20,  iv,  p346;  21,  iv, 

].  JIT;  22,  iv,  p  346 

rainfall  and  run-off  relation..  Ann  21,  iv, 

p247 

rating  tables Ann  IS,  iv,  p  239; 

19,  iv.  p  362;  21,  iv,  p  245; 
WS2s.pl  17;  39.  p  450;  52,  p 518; 
66,  p  172;  84,  p  116;  99,  p  256 

water  power Ann  21 ,  iv,  pp  249-253 

Neosho  River  basin: 

description Ann  19,  iv,  p  361; 

20,  iv,  p345;  21,  iv,  p  243 

Nepesta,  Colo. 

Arkama^  River  near: 

description ws  16,  p  121;  28,  p  108; 

37,  p]>  260  261;  50,  p  326;  66,  pp 
50-51;  84,  p  128;  99,  pp  288-289 

discharge Bull  131,  p  91; 

WS  If.,  p  121;  28,  p  L16;  37,  p  261; 

B0,p326;  66,  p51;  84,  p  128;  99,  p 290 

discharge,  monthly.  Ann  21,  iv,  p233;  22, 

iv,  p  343;  WS  84,  p  130;  99,  p  291 

discharge,  yearly Ann  20,  iv,  p  67 

gage  heights WS  16,  p  121; 

28,  pp  111-112;  37,  p  261;  50,  p  327; 

66,  p  51;  81.  pp  128-129;  99,  p  290 

hydrographs Ann  20,  iv,  pp  337,  338; 

21,  iv,  p233;  22,  iv,  p  343 
rating  tables....  Ann  19,  iv,  p  358;  WS  28, 

p  117;  39,  p  450;  52,  p  518; 
66,  p  172;  84.  p  130;  99,  p  291 
I  ixtnrd  Fanners'  canal  near: 

discharge WS  84,  p  129;  99,  p  292 

discharge,  monthly WS  99,  p  293 

gage  heights WS  99,  p  292 

rating  table WS  99,  p  293 

Nephi,  Utah. 

rainfall  data Ann  20,  iv,  pp  454,  457,  458 

Neshaminy  Creek,  Pa. 
near  the  Forks,  Pa.: 

description Ann  21,  iv,  p  85; 

WS  35,  pp  64-65;  47,  p  90;  65,  p 
216;  75,  p29;  82,  p  140;  97,  p  249 

discharge,  daily ws  35,  p  65;  17.  pp 

90-98;  65,  p  216;  82,  p  140;  97,  p  249 


Neshaminy  Creek,  Pa.— Continued, 
near  the  Forks,  Pa.— Continued. 

discharge,  monthly Ann  20,  iv,  pp 

104-107;  21,  iv,  p  86;  22,  iv, 
pp  116-119;  WS  82,  p   141 

discharge,  yearly Ann  20,  iv,  p  48 

hydrographs Ann  20,  iv,  p  108; 

21,  iv,  p  86;  22,  iv,  p  120 
Neshaminy  Creek  basin,  Pa.: 

description Ann  20,  iv,  pp  103-101 

Neshanic,  N.  J. 

South  Branch  Raritan  River  near: 

discharge WS  82,  p  127 

Neuse  River,  N.  C: 

description Ann  21,  iv,  p  113 

near  Selma,  N.  C: 

description Ann  18,  iv,  p  52;  WS  15, 

p  30;  27,  p  25;  36,  p  111;  48,  p  135 

discharge Ann  18,  iv,  p  52;  WS  15, 

p  30;  27,  p  44;  36,  p  111;  48,  p  135 

discharge,  monthly Ann  18,  iv,  p  53; 

19,  iv,  p  186;  20,  iv,  p  144; 
21,  iv,  p  114;  22,  iv,  p  154 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  16;  15,  p  30; 

27,  p34;  36,  p  112;  48,  p  136 

hydrographs Ann  19,  iv,  p  186; 

20,  iv,  p  144;  21,  iv,  p  114;  22,  iv,  p  154 

rating  tables Ann  18,  iv,  p  53; 

19,  iv,  p  185;  WS  39,  p  443;  52,  p  512 
near  Smithfield,  N.  C: 

discharge Bull  140,  p  69 

water  powers Ann  19,  iv,  p  185 

Nevada-California  State  line: 
Truckee  River  near: 

description  . . .  WS  38,  p  331;  51,  p  403;  66, 
p  112;  85,  pp  119-120;  100,  pp  192-193 

discharge WS  38,  p  331 ;  51,  p  403; 

66,  p  112;  85,  p  120;  100,  p  193 

discharge,  monthly Ann  22,  iv,  p  404; 

WS  75,  p  185;  100,  p  194 

gage  heights WS  38,  p  331; 

51,  p  404;  66,  p  113;  100,  pp  193-194 

hydrograph Ann  22,  iv,  p  404 

rating  tables WS  52,  p521;  66,  p  175; 

85,  p  120;  100,  p  194 
Nevada: 

reservoir  projects  in Ann  12,  ii,  pp 

209-212;  18,  iv,  p  723 
Neversink  River- 
near  Godeffroy,  N.  Y.: 

description WS  97,  pp  261-262 

gage  heights. ■. WS  97,  p  262 

near  Port  Jervis,  N.Y.: 

description WS  82,  p  131;  97,  p  257 

discharge WS  82,  p  132;  97,  p  258 

discharge,  daily WS  97,  pp  259-260 

discharge,  monthly WS  97,  p  261 

gage  heights WS  82,  p  132 

ratingtable WS  97,  p  258 

Newaygo,  Mich. 

Muskegon  River  near: 

description WS  49,  pp  249-250; 

83,  p  285;  97,  p  442 
New  Braunfels,  Tex. 
Comal  River  near: 

discharge Ann  18,  iv,  p  110; 

Bull  140,  p  84;  WS  28,  p  130 
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New  Brauniels,  Tex.— Continued. 
Guadalupe  River  near: 

description WS  28,  p  119;  37,  p  275 

discharge    Ann  18,  iv,  p  110; 

WS  28,  p  129;  37,  p  275 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights WS  28,  p  124;  37,  p  276 

New  Bremen,  Ohio. 

rainfall  data WS  75,  p  111 

Newbridge,  Ga. 

Chestatee  River  near: 

discharge WS  36,  p  141 

Newcastle,  Wyo. 

Little  Oil  Creek  at: 

discharge WS  49,  p  272 

Salt  Creek  near: 

discharge WS  49,  p  272 

New  Creek  in— 

Potomac  River  basin: 

discharge Ann  19;  iv,  p  145 

Newell,  F.  H.,  papers  by: 

hydrography  of  the  arid  regions Ann 

12,  ii,  pp  213-361 
the  public  lands  and   their  water 

supply Ann  16,  ii,  pp  463-532 

water  supply  for  irrigation Ann  13 

iii,  pp  7-99 
New  England  rivers: 

map Ann  19,  iv,  p  34 

.See  also  names  of  rivers. 
Newfork  River- 
above  Forks,  Wyo.: 

discharge Bull  131,  p91 

near  Newfork,  Wyo.: 

discharge WS  100,  p  127 

Newfound  Creek  in — 

French  Broad  River  basin,  N.  C: 

discharge WS  49,  p  212 

New  Hampshire: 
coast  streams  of: 

Avater  powers Ann  22,  i  v,  pp  61-81 

New  Hartford,  N.  Y. 

Graefenberg  Creek  near: 

description WS  97,  p  213 

discharge,  daily WS  97,  p  214 

Starch  Factory  Creek  near: 

description WS  97,  p  206 

discharge WS  97,  p  206 

discharge,  daily WS  97,  p  207 

discharge,  monthly WS  97,  p  207 

Sylvan  Glen  Creek  near: 

description WS  97,  p  216 

discharge,  daily WS  97,  p  216 

discharge,  monthly WS  97,  p  216 

discharge  table WS  97,  p  217 

New  Hartford  Creek.    See  Sylvan  Glen  Creek. 
Newman  Creek,  Nebr.: 

discharge WS  39,  p  439 

Newmarket,  Md. 

rainfall  data Ann  20,  iv,  pp  117,  119,  121 

New  Mexico: 

reservoir  sites  in  ..,_..  Ann  21,  iv,  pp  265-277 

surveys Ann  10,  ii,  pp  68,-64; 

12,  ii,  pp  165-209 

rock-rill  dams  in,  described  and  figured..  Ann 

18,  iv,  pp  645-646 


New  Milford  Falls,  Conn. 
Housatonic  River  near: 

discharge WS  65,  p  90 

Newnan,  Ga. 

rainfall  data Ann  20,  iv,  pp  177,  180,  181 

Newpaltz,  N.  Y. 

Wallkill  River  near: 

description WS  65,  pp  71-72; 

82,  pp  114-115;  97,  p  139 

discharge WS  65,  p  72; 

82,  p  115;  97,  pp  139-140 

discharge,  daily WS  65,  p  73; 

97,  pp  148-150 

discharge,  monthly WS  65,  p  74; 

97,  p  151 

gage  heights WS  65,  p  73; 

82,  pp  115,  116;  97,  pp  141-143 

rating  table WS  97,  pp  144-147 

Newport,  Pa. 

Juniata  River  near: 

description "WS  35,  pp  79-80; 

48,  p  112;  65,  p  226;  82, 
p  160;    97,   pp   276-277 

discharge WS  35,  p  80; 

48,  p  112;  65,  p  226; 
82,  p  160;  97,  p  277 

discharge,  monthly Ann  21,  iv,  p  91 ; 

22,  iv,  pl28;  WS  75,  p 
31;  82,  p  162;  97,  p  279 

gage  heights WS  35,  p  80;  48,  p  113; 

65,  p  226;  82,  p  161;  97,  p  277 

hydrographs Ann  21,  iv,  p  91; 

22,  iv,  p  128 

rating  tables WS  39,  p442;  52,  p  511; 

65,  p  3ir;  82,  p  162;  97,  p  278 
Newport,  Tenn. 

French  Broad  River  near: 

description...  WS83,  p223;  98,  pp 279-280 

discharge WS  83,  p  223;  98,  p  280 

discharge,  monthly WS  98,  p  282 

gage  heights. .  WS  83,  p  223;  98,  pp  280-281 

rating  table WS  98,  p  281 

Pigeon  River  near: 

description WS  48,  p  188 

65,  p  302;  83,  pp  223-224;  98,  pp  282-283 
discharge . .  WS  48,  p  188;  65,  p  302;  98,  p  283 

discharge,  monthly WS  98,  p  285 

gage  heights WS  48,  p  188; 

65,  p  303;  98,  pp  283-284 

rating  table WS  98,  p  284 

New  River,  N.  C. 

South  Fork  of  New  River  at: 

description WS  48,  p  180; 

65,  p  292;  83,  p  19 

discharge WS  48,  p  180; 

65,  p  292;  83,  p  19 

discharge,  monthly WS  83,  p  200 

gage  heights" WS  65,  p  292; 

83,  pp  198-199 

rating  table WS  83,  p  199 

New  River,  N.  C— Va— W.  Va.: 

description Ann  19,  iv,  p255;  21,  iv,  p  157 

hydrographic  data,  additional WS  63, 

pp  169-175 
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New  River,  N.  C— Va.— W.  Va.— Continued, 
near  Fayette,  W.  Va.: 

description Ann  18,  iv,  p  113; 

Bull  140,  pp  78-79;  WS  15,  p  59; 
27,p59;  36,  pp  164-165;  48,  p  181; 
65,  p  294;   83,  p  186;   98,   p  247 

discharge Ann  18,  iv,  p  114; 

Bull  140,  p  79;  WS  15,  p  59; 
27,  p  65;  36,  p  165;  48,  p  181; 
65,  p  294;  83,  p  186;  98,  p  247 

discharge,  monthly Ann  18,  iv,  p  115; 

19,  iv,  p  256;  20,  iv, 
pp  202,  203;  21,  iv, 
p  157;  22,  iv,  p  222; 
WS  75,  p  102;  83,  p  187 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights Bull  140.  p  79: 

WS11,  p  41;  15,  p  59;  27, 
p62;  36,  p  165;  48,  p  L82; 
65,  p  294;  83,  p  186;  98,  p  248 

hydrographs Ann  18,  iv,   p  115; 

19,  iv,p256;  20,  iv,p203; 
21,  iv,  p  158;  22,  iv,  p  222 

rainfall  and  run-oft"  relation Ann  20, 

iv,  p  202 

rating  tables Ann  18,  iv,  p  114;  19, 

iv,    p  255;     WS   39,   p 
445;  52,  p515;  83,  p  187 
near  Hinton,  W.  Va.: 

description Bull  140,  pp  78-79; 

WS  36,  p  164 

rating  tables WS  52,  p  514;  65,  p  323 

near  ( Hdtown,  Va.: 

description WS  is,  p  181;  65,  p  293; 

83,  pp  191-192;  98,  p  252 

discharge WS  48,  p  181;  65,  p  293; 

83,  p  192;  98,  p  2o2 

gage  heights ws  18,  p  L81;  65,  p  293; 

83,  pp  L93-194;  98,  p  253 
near  Radford,  Va.: 

description ws  27,  p  59;  36 

pp  161  162;  48,  p  L78; 
65,  p  293;  83,  pp  190- 
191;     98,    pp    250-251 

discharge WS  27,  p  65;  36,  p  162; 

18,  ].  178;  65.  p  293; 
83,  p  191;  98,  p  251 

discharge,  monthly ws  75,  pp  101-102 

gage  heights WS27,  p61;  36,  p  162; 

48,  p  178;  65,  p  294; 
83,  p  191;  98,  p  251 
New  River  basin: 

discharge  measurements..  WS  49,  pp  210-211 
New  River,  East  Fork  of,  N.  C: 

discharge WS  49,  p  210 

New  River,  Middle  Fork  of,  N.  C: 

discharge WS  49,  p  210 

New  River,  North  Fork  of— 
near  Creston,  N.  C: 

discharge WS  49,  p  210 

near  Weaversford,  N.  C: 

description WS  48,  pp  179-180; 

65,  p291;  83,  pp  194-195 

discharge WS  48,  p  180; 

65,  p291;  83,  p  195 
discharge,  monthly ws  83,  p  197 


New  River,  North  Fork  of— Continued. 
near  Weaversford,  N.  C— Continued. 

gage  heights WS  65,  p  291; 

83,  pp  195-196 

rating  table WS  83,  p  197 

New  River,  South  Fork  of,  near- 
New  River,  S.  C: 

description WS  48,  p  180; 

65,  p  292;  83,  p  198 

discharge WS  48, p  180; 

65,  p  292;  83,  p  198 

discharge,  monthly WS  83,  p  200 

gage  heights WS  48,  p  180; 

65,  p  292;  83,  pp  198-199 

rating  table WS  83,  p  199 

Riverside,  N.  C: 

discharge WS  49,  p  210 

New  River  ditches  in — 
Carson  Sink,  Nev.: 

discharge WS  100,  p  259 

New  York  Mills,  N.  Y. 
Sauquoil  Creek  near: 

description WS  35,  pp  48-49; 

47,  p  48;  65,  p  149 

discharge,  daily WS  35,  p  49; 

47,  pp  48-49 

discharge,  monthly Ann  22,  iv,  p  90; 

WS  35,  p  24 

hydrographs Ann  21,  iv,  p  66; 

22,  iv,  p  91 
New  York  streams: 

gaging  stations Ann  20,  iv,  p  79; 

22,  iv,  pp  82-83;  WS  65,  p  1-95 
Niagara  Creek  in— 

Stanislaus  River  basin: 

discharge Ann  18,  iv,  pp  372,  375 

Niagara  River: 

description Ann  21,  iv,  p  179 

near  Blackrock  Harbor: 

discharge Ann  20,  iv,  |»  224 

near  Buffalo,  N.  Y.: 

description WS  36,  pp  181-182 

discharge,  monthly WS  36,  p  183 

Niagara  River  basin: 

description Ann  20,  iv,  p  224 

Nicaragua: 

hydrography  of,  by  Arthur  P.  Davis Ann 

20,  iv,  pp  563-637 

rainfall  data Ann  20,  iv,  pp  574-578 

temperature  and  relative  humidity..  Ann  20, 
iv,  pp  579-580 
Nicaragua  canal  route: 

hydrography  of Ann  22,  iv,  pp  546-592 

Nicaragua  Lake: 

description Ann  22,  iv,  pp  550-556,  581-592 

Nickajack  Creek- 
near  Oakdale,  Ga.: 

discharge WS  98,  p  128 

Nigger  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  171 

Niles,  Kans. 

Solomon  River  near: 

description WS  16,  pill;  27,  p  9C; 

37,  p  249;  50,  p  314;  66,  p  44; 
84,  pp  105-106;  99,  pp  224-225 
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Niles,  Kans.— Continued. 

Solomon  River  near— Continued. 

discharge WS  16,  p  111; 

27,  p  95;  37,  p  249;  50,  p  314; 
66,  p  44;  84,  p  106;  99,  p  225 

discharge,  monthly Ann  20,  iv, 

pp  312, 314;  21, iv, p  223;  22, iv, p  334; 
WS  75,  p  142;    84,  p  107;  99,  p  227 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights WS  1(5,  p  111; 

27,  p  92;   37,   p  250^   50,   p  315; 
66,  p  44;  84,  p  106;  99,  pp  225-226 

hydrographs Ann  19,  iv,  p  343; 

20,  iv,  p  314;  21,  iv,  p  224;  22,  iv, p  334 

rainfall  and  run-off  relation Ann  20, 

iv,  p313 

rating  tables Ann  19,  iv,  p  342; 

WS27,p96;  39,  p  449;  52,  p  517; 
66,  p  172;   84,  p  107;   99,  p  226 
Nimblewill  Creek  in — 

Etowah  River  basin,  Ga.: 

discharge WS  49,  p  208 

Ninemile  Creek — 

near  Stittville  N.  Y,: 

description WS  35,  pp  46-47 

discharge,  monthly WS  35,  p  24 

Niobrara,  Nebr. 

Niobrara  River  near.    See  Niobrara  River, 
Verdigris  Creek  near: 

discharge WS  66,  p  43 

Niobrara  River,  Nebr.: 

description Ann  19,  iv,  pp  770-771 

discharge Ann  20,  iv,  p  301; 

WS50,  p311;  84,  p  49 
near  Dunlap,  Nebr.: 

discharge Ann  20,  iv,  p  301 

near  Fort  Niobrara,  Nebr.: 

description Ann  19,  iv,  p  299; 

WS  15,  p  80;  27,  p  09;  37,  pp  213-214 

discharge Ann  20,  iv,  p  301 ; 

WS  15,  p  80;  35,  pp  17- 
18;  37,  p  214;  84,  p  49 

gage  heights WS  15,  p  80;  37,  p  214 

near  Lavacca,  Nebr.: 

discharge Ann  19,  iv,  p  300; 

20,  iv,  p301;  WS  27,  p  88 
near  Marsland,  Nebr.: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  301;  WS  27,  p  88 
near  Niobrara,  Nebr.: 

description..  Ann  19,  iv,  p299:  WS84,  pl6 

discharge Ann  19,  iv,  p  300; 

20,  iv.  p  301;  WS  39,  pp 
439-440;  66,  p  43;  84,  p  17 

gage  heights WS  84,  p  17 

near  Valentine,  Nebr.: 

description Ann  20,  iv,  p  255; 

WS  66,  p  25;  84,  p  18;  99,  p  46 

discharge Ann  18,  iv,  p  193; 

20,  iv,pp255,  301;  WS66, 
p  25;  84,    p   18;   99,  p  46 

discharge,  monthly WS  84, 

p  20;  99,  p  48 

gage  heights WS  66,  p  25; 

84,  p  19;  99,  p  47 
rating  tables WS  84,  p  19;  99,  p  47 


Niobrara  Valley,  Nebr.: 

irrigation  in Ann  19,  iv,  pp  774-775 

Nolan  River  near — 
Bel  ton,  Tex.: 

discharge WS  66,  p  60 

Noland,  Utah. 

San  Juan  River  near: 

gage  heights WS  28,  p  143 

Nolichucky  River  near — 
Chucky  Valley,  Tenn.: 

description WS  48,  p  185; 

65,  p  300;  83,  p  224 

discharge WS  48,  p  185; 

65,  p  300,  83,  p  224 

discharge,  monthly WS  83,  p  227 

gage  heights WS  48,  p  185; 

65,  p  300;  83,  p  225 

rating  table WS  83,  p  226 

Erwin,  Tenn.: 

discharge WS  49,  p  212 

Greeneville,  Tenn.: 

description WS  98,  pp  285-286 

discharge WS  98,  p  286 

discharge,  monthl  y WS  98,  p  287 

gage  heights WS  98,  p  286 

rating  table WS  98,  p  287 

Nolichucky  River  basin,  N.  C: 

discharge,  miscellaneous..  WS  49,  pp  212-214 
See  also  WS  63,  pp  105-115. 
Noontootly  Creek,  Ga.,  in— 
Toccoa  River  basin: 

discharge WS  49,  p  218 

Norcross,  Ga. 

Chattahoochee  River  near: 

description WS  98,  pp  121-122 

discharge WS  83,  p  127;  98,  p  122 

discharge,  monthly WS  98,  p  124 

gage  heights WS  98,  p  1 23 

rating  table WS  98,  p  123 

Nordyke,  Nev. 

Walker  River  near: 

description Bull  140,  pp  213-214 

discharge Bull  140,  p  214 

discharge,  monthly Bull  140,  p  216 

gage  heights Bull  140,  p  21 4 

Norfolk,  Nebr. 

Elkhorn  River  near: 

description WS  15,  p  99;  27,  p  78; 

37,  p  243;  50,  p  308;  66, 
p40;  84,p53;  99,  p  143 

discharge WS  15,  p  99;  27,  p  87;  37, 

p  243-244;   50,  p  308;  66, 
p  40;  84,  p  54;  99,  p  143 

discharge,  monthly Ann  19,  iv,  p  335; 

20,  iv,  pp  264,  296;  21,  iv, 
p  217;  22,  iv,  p  329;  WS 
75,  p  139;  84,  p  55;  99,  p  145 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights WS  15,  p  100; 

27,  p  85;  37,  p  244;  50,p  309; 
66,  p  40;  84,  p  54;  99,  p  144 

hydrographs Ann  20,  iv,  p  297; 

21,  iv,  p218;  22,  iv,  p  330 

rainfall  and  run-off  relation Ann  20, 

iv,  p  266 

rating  tables  . . .  Ann  19,  iv,  p  335;  WS  39, 

p  449;  66,  p  171;  84,  p  55;  99,  p  144 
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Norfolk,  Nebr.— Continued. 

North  Fork  Elkhorn  River  near: 

discharge Ann  18,  iv,  p  193; 

19,   iv,   p  334;    20,   iv,   p  299; 
WS  39,  p  440;  66,  p  43;  84,  p  92 

rainfall  data Ann  20,  iv,  pp  257,  261,  265 

South  Fork  Elkhorn  River  near: 

description Ann  18,  iv,  pp  190-191 

discharge Ann  l,x,  iv,  p  191 

discharge,  daily Ann  is,  iv,  p  192 

rating  table Ann  18,  iv,  p  191 

Norfolk  Junction  bridge,  Nebr. 

North  Fork  of  Elkhorn  River  near: 

discharge WS  50,  p  310 

Normanskill  Creek  near- 
French's  mill,  N.  Y.: 

description WS  65,  ]  i  58 

discharge,  daily WS  65,  p  59 

discharge,  monthly WS  65,  p  58 

Norris,  Mont. 

Madison  River  near: 

description ws  99,  pp  130-131 

discharge ws  99,  p  131 

discharge,  monthly ws  99,  p  132 

gage  heights WS  99,  pp  131-132 

rating  table WS  99,  p  132 

North  Anna  River,  Va.: 

discharge ws  35,  p  95 

North  Anson,  Me. 

< 'ana basset  River  near: 

description WS65,  p  19; 

82,  p32;  (.i7.  pp  54-55 

discharge WS82,  p  33;  97,  p  55 

discharge,  monthly..  WS82,  p34;  97,  p  56 

gage  heights ws  65.  p  19; 

82,  p33;  97,  p  56 

rating  table WS  82,  p  34 

Kennebec  River  near: 

description ws  65,  pp  16-17; 

82,  pp  28  29;  97,  pp  15   16 

discharge ws  65,  i  ►  IT: 

82,  p29;  97,  p  16 

discharge,  monthly ws  (.»7.  p  is 

gage  heights ws  65,  p  17; 

82,  p29;  97,  p  47 

rating  table ws  97,  p  17 

Northbend,  Wash. 
Cedar  River  near: 

description ws  85,  p  220;  100,  p  466 

discharge WS  85,  p  220;  100,  p  466 

discharge,  monthly wsioo.  p  168 

gage  heights WS  85,  p  220;  100,  p  467 

rating  table WS  100,  p  467 

North  Boulder  Creek  near- 
Boulder,  Colo.: 

discharge,  monthly Ann  13,  iii,  p  93 

hydrographs Ann  13,  iii,  p  87 

North  Carolina  rivers: 

description Bull  140,  pp  81-82 

water  powers  on Bull  140,  pp  65  66 

North  Concho  River,  Tex.: 

discharge ws  66,  p  61 

Northern  Pacific  Railway: 

hydraulic  fills  on Ann  18,  iv,  pp  659  660 

North  Fork  canal  in— 

Santa  Ana  River  basin: 

description Ann  19,  iv,  pp  674-576 


North  Indian  Creek  near — 
Erwin,  Tenn.: 

discharge WS  49,  p  213 

Unicoi,  Tenn.: 

discharge WS  49,  p  213 

North  Lansing,  Mich. 
Grand  River  near: 

description WS  65,  p  315; 

83,  p  279;  97,  p  448 

discharge WS  83,  p  280;  97,  p  449 

discharge,  daily WS  88, 

pp  281-282;  97,  p  451 

discharge,  monthly WS  83, 

p  283;  97,  p  452 

gag.-  heights WS  65,  p  315; 

83,  p  280;  97,  p  449 

rating  table WS  97,  p  450 

North  Loup,  Nebr.: 

rainfall  data Ann  20,  iv,  pp  257,261,265 

North  Loup  River  near — 
Brewster,  Nebr.: 

discharge WS  39,  p  440 

Brownlee,  Nebr.: 

discharge WS  39,  p  440 

Burwell.  Nebr.: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  300;  WS  39,  p  440 
Moulton,  Nebr.: 

discharge.  Bull  131,  p  92;  Ann  20,  iv,  p  300 
mouth  of  Waumeduza  Creek: 

discharge...  Ann  19,  iv,  p  335;  20,  iv,p300 
ord,  Nebr.: 

discharge Bull  140,  pll5 

St.  Paul,  Nebr.: 

description Ann  18,  iv,  pp  176, 177-179; 

Bull  140,  p  114;  WS  15,  p95; 
37,  pp  237-238;  99,  pp  147-148 

discharge Ann  18,  iv,  p  176; 

WS  15,  p  95;  37,  p  238;  99,  p  148 

discharge,  daily Ann  18,  iv,  p  178 

discharge,  flood Ann  18, 

iv,  pp  177,178-179 

discharge,  monthly Ann  19,  iv,  p  329; 

20,  iv,  p  264;  21,  iv,  p  212; 
Bull  140,  pll5;  WS  99,  p  149 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  1 15; 

WS  15,  p  95;  37,  p  238;  99,  pp  148-149 

hydrographs Ann  18,  iv,  p  178; 

19,  iv,  p  329;  21,  iv,  p  212 

rainfall  and  run-off  relation Ann  20, 

iv,  p  266 

rating  tables Ann  18,  iv,  p  177; 

19,  iv,  p  32;  Bull  40,  p  114; 
WS  39,  p  448;  99,  p  149 
North  Maquoketa  River  near — 
Cascade,  Iowa: 

discharge Ws  99,  p  18 

North  Oconee  River  near — 
Dry  Pond,  Ga.: 

discharge WS  49,  p  207 

North  Platte,  Nebr. 

North  Platte   River  near.    See  North  Platte 
River  near  North  Platte. 

rainfall  data Ann  13,  iii, p  77; 

20,  iv,  pp  257, 260,  265;  22,  iv,  pp  31, 32, 33 
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North  Platte,  Nebr.— Continued. 
South  Platte  River  near: 

description Ann  19,  i v,  p  311 

discharge Ann  18,  iv,  p 

193;  19,iv,pp311,335;  20,  iv,p302; 
Bull  140,  p  114;  WS  39,  p  440;  49, 
p  284;  50,  p  311;  66,  p  43;  84,  p  93 

discharge,  monthly Ann  19,iv,p323 

discharge,  yearly Ann  20,  iv,  p  55 

North  Platte  River: 

description Ann  18,  iv,  pp  141-142; 

19,  iv,.p  768;  21,  iv,  p  195;  Bull 
140,    p   95;  WS  49,   pp   272-273 

discharge WS  84,  pp,  92,  94 

drainage  areas Bull  140,  p  95 

hydrograph Ann  13,  iii,  p  83 

near  Bridgeport,  Nebr.: 

description WS  84,  p  64;  99,  pp  159-160 

discharge WS84,p65;  99,  pp  160-161 

discharge,  monthly.  WS  81,  p  66;  99,  p  162 

gage  heights WS  84,  p  65 

rating  tables WS  84,  p  66;  99,  p  162 

near  Camp  Clarke,  Nebr.: 

description Ann  18,  iv,  pp  153-154; 

19,  iv,  pp  305-306;  WS  15,  p  85;  27, 
p  76;  37,  pp  219-220;  49,  pp  276-277 

discharge Ann  13,  iii,  p  82; 

18,  iv,  p  154;  20,  iv,  pp  301,  302; 
Bull  131,  p  91;  140,  p  101;  WS15, 
p  85;  27,  p  86;  37,  p  220;  49,  p  277 

discharge,  daily Ann  18,  iv,  p  155 

discharge,  monthly Ann  18,  iv,  p  156; 

19,  iv,  p  309;  20,  iv,  pp  263,  268; 
21,    iv,    p   198;   22,    iv,  p  313 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights WS  15,  p  85; 

27,  p  80;  37,  p  220:  49,  p  277 

hydrographs Ann  19,  iv,  p  309; 

20,  iv,p269;  21,  iv,  p  198;  22,  iv,  p314 
rainfall  and  run-off  relation..  Ann20,  iv, 

p266 

rating  tables Ann  18,  iv,  p  154; 

19,  iv,  p  308;  27,  p  88;  39,  p  447 
near  Douglas,  Wyo.: 

description Bull  131,  p  29 

discharge Ann  13,  iii,  p  82;  20,  iv,p301 

discharge,  daily Bull  131,  p  29 

gage  heights Bull  131,  p  29 

near  Fairbanks,  Wyo.: 

discharge Ann  13,  iii,  p  82;  20,iv,p301 

near  Fort  Laramie,  Nebr.: 

dis'charge Bull  131,  p  92 

discharge,  monthly Ann  12,  ii,  p  240 

near  Fort  Steele,  Wyo.: 

discharge WS  84,  p  94 

near  Gering,  Nebr.: 

description Ann  19,  iv,  p  305;  WS  15, 

p  84;  27,  p  76;  37,  p  218;  49,  p  276 

discharge Ann  20,  i  v,  p  302; 

Bull  131,  p  91;  140,  p  101;  WS 
15,  p  84;  27,  p  86;  37,  p  219; 
39,  p  440;   49,  p  276;   50,  p  311 

discharge,  monthly Ann  19,  iv,  p  308; 

20,  iv,  pp  263,  267;  21, 

iv,  p  197;  22,  iv,  p  312 

discharge,  yearly Ann  20,  iv,  p  54 


North  Platte  River— Continued, 
near  Gering,  Nebr.— Continued. 

gage  heights WS  15,  p  84 

27,  p  80;  37,  p  219;  49,  p  276 

hydrographs Ann  20,  iv,  p  268 

21,  iv,  p  197;  22,  iv,  p  313 

rainfall  and  run-off  relation Ann  20, 

iv,  p  265 

rating  tables Ann  19,  iv,  p  308; 

WS  27,  p  88;  39  p  447 
near  Guernsey,  Wyo.: 

description WS  49,  p.  275; 

66,  p  27;  84,  pp  68-69;  99,  pp  165-166 

discharge WS  49,  p  275; 

66,  p  27;  84,  p  69;  99,  p  166 

discharge,  monthly Ann  22,  iv,  p  312; 

WS  75,  p  125;  84,  p  70;  99,  p  167 

gage  heights WS  49,  p  275; 

66,  p  27;  84,  p  69;  99,  p  166 

hydrograph WS  75,  p  126 

rating  tables WS  52,  p  516; 

66,  pl71;  84,  p  70;  99,  p  167 
near  Llewellen  bridge,  Nebr.: 

discharge. .  Ann  20,  iv,  p  302;  WS  39,  p  440 
near  Mitchell,  Nebr.: 

description WS  66,  p  28; 

84,  p  66;  99,  pp  162-163 

discharge WS  66,  p  28; 

84,  p  67;  99,  p  163 

discharge,  monthly WS  75,  p  126; 

84,  p68;  99,  p  165 

gage  heights WS  66,  p  28; 

84,  p  67;  99,  p  164 

rating  tables WS  84,  p  68;  99,  p  164 

near  North  Platte,  Nebr.: 

description Ann  18,  iv,  pp  156-157; 

19,  iv,  p  306;  Bull  131,  p  30;  140, 
pp  99-100;  WS  15,  p  86;  27,  p 
76:  37,  pp  220-221;  49,  p  277;  66, 
p  28;    84,  p  62;    99,  pp  157-158 

discharge Ann  13,  iii,  p  82;  18, 

iv,  p  157;  20,  iv,  pp  301,  302; 
Bull  131,  p  92;  140,  p  100;  WS 
15,p86,27,p86;37,p221;49,  p 
277;  66,  p  28;  84,  p  62;  99,  p  158 

discharge,  monthly Ann  18,  iv,  p  158; 

19,  iv,  p  310;  20,  iv,  pp  263, 
269;  21,  iv,  p  199;  Bull  140, 
pl02;  WS84,p64;99,  p  159 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights....  Bull  110,  p  102;  WS11,  p 
52;  15,  p  86;  27,  p  81;  37, 
p  221;  49,  p  278;  66,  p  29; 
84,  p  63;  99,  pp  158,  161 

hydrographs Ann  19,  iv,  p 

310;  21,  iv,  p  199 

rainfall  and  run-off  relation Ann  20, 

iv,  p  266 

rating  tables Ann  18,  iv,  pp  157-158; 

Bull  140,  p  101;  WS  27,  p  88; 
39,  p  447;  84,  p  63;  99,  p  159 
near  Orin  Junction,  Wyo.: 

description Ann  18,  iv,  pp  150-lbl; 

19,  iv,  p  305;  Bull  131,  pp  29-30;  WS  15, 
p  83;  27,  p  76;  37,  pp  217-218;  49,  p  274 
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North  Platte  River— Continued. 

near  Orin  Junction,  Wyo.—  Continued. 

discharge Ann  18,  iv,  p  152; 

Bull  131,  pp  90,  91,  92;  140,  p  98; 
WS  15,  p  83;  27,  p  86;  37,  p  218 

discharge,  monthly Ann  18,  iv,  p  153; 

19,  iv,  p  307;  20,  iv,  pp  262, 
266;  21,  iv,  p  196;  Bull  140,  p  99 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights Bull  140,  p  99; 

WS  11,  p51;  27,p86;  15,  p  83; 
27,  p  TO:   37,  p  218;   49,  p  275 

hydrographs Ann  18,  iv,  p  153; 

19,  iv,  p  307:  20,  iv,  p  267:  21.  iv,  p  196 

rainfall  and  run-off  relation Ann  20, 

iv,  p  265 

rating  tables Ann  18,  iv,  p  152; 

19,  iv,  p306;  Bull  140,  p 
98:  WS27,p88;  39,  p  117 
near  Saratoga,  Wyo.: 

description ws  99,  p  174 

discharge WS  84,  p  94;  99,  p  175 

discharge,  monthly ws  99,  p  176 

gage  heights ws  99.  p  it:> 

rating  table WS99,  p  176 

North  Platte  River  basin: 

description Ann  19,  iv,  pp304  306; 

22,  iv.  pp  310-311 

irrigation  surveys Ann  13,  iii,  pp  78-82 

North  Platte  Valley: 

irrigation  in Ann  19,  iv,  pp  772-774 

North  (of  James)  River: 

description Ann  21,  iv,  p  106 

near  Glasgow,  \'a.: 

description Ann  i\  iv,  p36; 

Bull  140,  pp  61-62;  WS  15,  p  23; 
27,  p  10;  35,  pp  95-96;  18,  p  127; 
65    p  235;    82,  p  184;    97,   p  333 

discharge Ann  is,  jv.  p  .;r,, 

19,  iv,  p  170;  Bull  140,  p  62;  WS 
15,  p  23;  27,  p24;  35,  p  96;  18,  p  127; 
65,    p    235;    82,    p    184;  97,    p  334 

discharge,  monthly Ann  18,  iv,  p  38; 

19,  iv,  p  162;  20  iv,  pp  134,  135; 
21,  iv,  p  107,  22,  iv,  p  1  15;  WS 
7.".,  pp  41,  19;  82,  p  lsC;  '.it,  p  335 

discharge,  yearly Ann  20,  iv,  p  19 

gage  heights Bull  l  in,  p  i;::. 

WS11,  pll;  15,  p23;  27,  p  22;  35, 
P  96;  18,  p  127;  65,  p  236;  82,  p  is.". 

hydrographs Ann  18,  iv,  p  38; 

19,  iv.  p  162;  2<>.  iv,  p  135; 

21,  iv.  p  107;  22,  iv,  p  1  If, 

rainfall  and  run-off  relation..  WS75,p50 

rating  tables Ann  IS,  iv,  p  37; 

W3  39,  ].  143;  52,  p  512;  65, 
p  319;  82,  p  185;  97,  ]»  335 
North  (of  Shenandoah)  River  near — 
mouth  of  South  River,  Va.: 

discharge Ann  19,  iv,  p  173 

Port  Republic,  Va.: 

description Ann  18,  iv,  p  25; 

Bull  140,  p  50;  WS  15,  p  17;  27, 

p  10;    35,  pp  86-87;  48,  p  118 

discharge...  Ann  18,  iv,  p  26;  19,  iv,  pl38; 

Bull  140,  p  51;  WS  15,  p  17;  35,  p  87 


North  (of  Shenandoah)  River  near— Continued. 
Port  Republic,  Va.— Continued. 

discharge,  monthly Ann  20, 

iv,  pp  121,  123-124 

discharge,  yearly Ann  20,  iv,  p  49 

gage  heights Bull  140,  p  51;  ws  11, 

p  9;  15,  p  18;  27,  p  19;  35,  p  87 

hydrograph Ann  20,  iv,  p  124 

rainfall  and  run-off  relation. .  Ann  20,  iv, 

p  121 

rating  table ws  J7,  | >  25 

South  River  dam: 

discharge Ann  19,  iv,  p  171 

See    also     Shenandoah     River,    North 
Branch. 
North  River  and  tributaries,  Va.: 

disc  barge Ann  19,  iv,  p  171 

North  San  Juan,  Cal. 

Middle  Yuba  River  near: 

description WS  51,  p  452 

discharge WS  51,  p  452 

discharge,  monthly Ann  22,  iv,p463 

gage  heights WS  51,  p  452 

North  Yuba  River  mar: 

description WS51,p  451 

discharge WS51,  p  451 

discharge,  monthly Ann  22,  iv,  p  462 

gage  heights ws  51,  p  451 

North  Toe  River,  X.  C: 

discharge WS  49,  p  212 

North  Wilkesboro,  N.  C. 
Mulberry  Creek  near: 

discharge WS  98,  p  38 

Reddie  River  near: 

discharge ws  49,  p  204 

Yadkin  River  near: 

description WS  98,  p  35 

discharge ws  98,  p  36 

discharge,  monthly ws  98,  p  37 

gage  heights ws  97,  pp  36-37 

rating  table WS  98,  p  37 

North  Yakima,  Wash. 

Moxee  Valley  near,  artesian  wells  in: 

discharge ws  75,  pp  204-205 

Naches  River  near: 

description Ann  14,  ii,  p  133;  18,  iv, 

p355;  Bull  131,  pp  73-74;  140,  pp 
I'll  -245;  WS  I6,p  171;  _',s,j.15S;  38, 
pp  372-373;  51,  p  440;  66,  p  133; 
85,  pp   191,    192;    100,  pp   379-380 

discharge Ann  14,  ii,  p 

133;  18,  iv,  p  355;  Bull  131,  pp  74,  90; 
140,  p  245;  WS  16,  p  171;  38,  p  373;  51, 
I>  410;  66,  p  134;  85,  p  192;  100,  p  380 

discharge,  monthly Ann  18,  iv,  p  356; 

20,  iv,  pp  499,  503;  21,  iv,  p 
426;  22,  iv,  p  445;  WS  75, 
p  202;  85,  p  194;  100,  p  382 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights Bull  131,  p  74; 

140,  p  245;  WS  11,  p  84;  16,  p  174; 
28,  p  164;  38,  p  373;  51,  p  440; 
66,    p   134;   85,   p  193;  100,   p  381 

hydrographs Ann  20,  iv,  p  503;  21, 

iv,  p  426;  22,  iv,  p  446 
rainfall  and  run-off  relation..  Ann  20,  iv, 

p500 
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North  Yakima,  Wash.— Continued. 
Naches  River  near— Continued. 

rating  tables Ann  18,  iv,  p  356; 

WS  39,  p  454;  52,  p  522;  66, 
p  177;  85,  p  193;  100,  p  381 
Yakima  River  near.    See  Union  Gap. 
Tieton  River  near: 

description WS  85,  p  194;  100,  p  382 

discharge WS  85,  p  195;  100,  p  383 

discharge,  monthly "WS  85,  p  196; 

100,  p  384 

ga?e  heights WS  85,  p  195 

rating  tables WS  85,  p  196;  100,  p  384 

North  Yuba  River  near — 
North  San  Juan,  Cal.: 

description WS  51,  p  451 

discharge WS  51,  p  451 

discharge,  monthly Ann  22,  iv,  p  462 

gage  heights WS  51,  p  451 

Norton,  Kans. 

rainfall  data Ann  20,  iv,  pp  306, 309, 313 

Norwood,  N.  C. 

Yadkin  (Pedee)  River  near: 

description Ann  18, iv,  p60;  WS15, 

p  33;   27,  p  26;  36,  pp  118-119;  48,  p  140 

discharge Ann  18,  iv,  p  60;  19,  iv, 

p  202;  WS  15,  p  33;  27,  p  44;  36,  p  118 

discharge,  monthly Ann  18,  iv,  p  61; 

19,  iv,  p  203;  20,  iv,  p  147;  21,  iv,  p  121 

discharge,  minimum WS  36,  p  119 

discharge,  Yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  16; 

15,  p  33;  27,  p  37;  36,  p  119 

hydrographs Ann  19,  iv,  p  201; 

20,  iv,  p  148;  21,  iv,  p  122 

rating  tables Ann  18,  iv,  p  60; 

19,  iv,  p  203;  WS  39,  p  443 
Nottely  River  near — 
Blairsville,  Ga.: 

discharge WS  49,  p  217 

Choestoe,  Ga.: 

discharge WS  49,  p  217 

Ranger,  N.  C: 

description WS  65,  p  307; 

83,  p212;  98,  pp  265-266 

discharge WS  49,  p  217: 

65,  p  307;  83,  p  212;  98,  p  266 

discharge,  monthly WS  75,  p  106; 

83,  p  214;  98,  p  267 

gage  heights WS  65,  p  308; 

83,  p  213;  98,  p  266 

rating  tables WS  65,  p  324; 

83,  p  213;  98,  p  267 
Thompson's  bridge,  Ga.: 

discharge WS  49,  p  217 

Nottingham,  Ala. 

Talladega  Creek  near: 

description WS  48,  p  173; 

65,  p  281;  83,  p  142;  98,  p  142 

discharge WS  48,  p  173; 

65,  p  281;  83,  p  142;  98,  p  142 

discharge,  monthly WS  75,  p  92; 

83,  p  143;  98,  p  144 

gage  heights WS  48,  p  173; 

65,  p  281;  83,  p  142;  98,  p  143 

rating  tables WS  65,  p  322; 

83,  p  143;  98,  p  143 


No  Wood  River  near- 
Warren,  Wyo.: 

discharge Ann  19,  iv,  p  293 

Nueces  River,  Tex.: 

description WS  50,  p  343 

Nuttallburg,  W.  V. 

rainfall  data Ann  20,  iv,  pp  199,  201,  202 

Nyssa,  Oreg. 

Owyhee  River  near: 

description Ann  18,  iv,  p  346; 

Bull  140,  p  242 

discharge Ann  18,  iv,  p  346; 

Bull  140,  p  242 

discharge,  monthly Ann  18,  iv,  p  347 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights. .  Bull  140,  p  242;  WS  11,  p  82 
rating  table Ann  18,  iv,  pp  346-347 

O. 

Oak  Creek,  Cal.,  near: 
Independence: 

discharge WS  100,  p  225 

Oak  Creek,  Colo.,  near- 
Pinnacle: 

discharge WS  66,  p  98 

Oak  Creek,  Nebr.,  near— 
Pannebrog: 

discharge WS  39,  p  440 

Lincoln,  Nebr.: 

discharge WS  39,  p  440 

Oakdale,  Cal. 

Stanislaus  River  near: 

description Ann  18,  iv,  pp  371-373; 

19,  iv,  p  510;  Bull  140,  pp  305-306; 
WS  16,  p  1S7;  28,  pp  177-178; 
38,  p  391;  51,  pp  455-456;  66,  p  146 

discharge Ann  18,  iv,  p  373; 

Bull  140,  p  307;  WS  16,  p 
187;  28,  p  185;  38,  pp  391-392; 
51,  p  456;  66,  p  146;  85,  p  159 

discharge,  daily WS  38,  p  392 

discharge,  low  water. . .  Ann  20,  iv,  p  526; 
22,  iv,  p.  496;  WS  28,  p 
193;  39,  p  432;  51,  p  480 

discharge,  monthly Ann  18,  iv,  p  374; 

19,  iv,  p  511;  20,  iv,  p 
530;  21,  iv,  p  448;  22,  iv, 
p  464;    Bull   140,    p   307 

discharge,  yearly Ann  20,  iv,  p  63; 

Bull  140,  pp  311,  312 

diurnal  variations Bull  140,  p  306 

gage  heights Bull  140,  p  307; 

WS  11,  p  90;  16,  p  187;  28,  p  182; 
38,   p  392;    51,   p  456;    66,   p  146 

hydrographs Ann  18,  iv,  p  376;  19,  iv, 

p  512;  20,  iv,  p  531;  21, 
iv,  p  448;  22,   iv,  p  464 

rating  tables Ann  18,  iv,  p  374; 

19,  iv,  p  511;  Bull  140,  p  307;  WS 
28,   p    a  86;    39  p  455;    52,   p  523 
Oakdale,  Ga. 

Chattahoochee  River  near: 

description Ann  18,  iv,  pp  85-87; 

Bull  140,  pp  75-76;  WS  15,  p  46;  27, 
p  47;  36,  pp  139-140;  48,  p  158;  65, 
p  269;   83,  p   122;    98,    pp   119-120 
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Oakdale,  Ga.— Continued. 

Chattahoochee  River  near— Continued. 

discharge Ann  18,  iv,  p  87; 

Bull  140,  p  76;  WS  15,  p  46; 
27,  p  57;  36,  p  140;  48,  p  158; 
65,  p  269;  83,  p  122;  98,  p  120 

discharge,  monthly Ann  18,  iv,  p  89; 

19,  iv,  p  236;  20,  iv,  p  180,  182; 
21,  iv,  p  140;  22,  iv,  p  191;  WS 
75,  p  79;   83,  p  124;   98,  p  121 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights Bull  140,  p  77; 

WS  11,  p  23-24;  15,  p  46;  27, 
p  50;  36,  pp  141-142;  48,  p  159; 
65,  p  270;  83,  p  123;  98,  p  120 

hydrographs Ann  18,  iv,  p  89; 

19,  iv,  p236;  20,  iv,  p  182; 
21,  iv,  p  141;  22,  iv,  p  191 

rainfall  and  run-off  relation Ann  20, 

iv,  p  181 

rating  tables Ann  18,  iv,  p  88; 

19,  iv,  p  235;  WS  27,  p  •>  > 
39,pp444,445;52,p513;65, 
p  322;  83,  p  124;  98,  p  121 
Chattahoochee     River   between    West 
Point  and: 

discharge WS  36,  p  141 

Nickajack  Creek  near: 

discharge WS  98,  p  128 

Peachtree  Creek  near: 

discharge WS  27,  p  45 

Proctor  Creek  near: 

•I isr barge WS  27,  p  45 

Oakdale,  Nebr. 

rainfall  data Ann  20,  iv,  pp  257,  261,  265 

Oakhill  Church  spring- 
near  Pinelog,  Ga.: 

discharge WS  36,  p  147 

Oakley,  Idaho 

rainfall  data Ann  20,  iv,  pp  470,  471,  474 

Oak  Orchard  Creek,  N.  Y. 

drainage  areas WS  97,  p  115 

near  Medina,  X.  Y.: 

description WS  97,  pp  412^115 

discharge WS  97,  pp  115-416 

gage  heights WS  97,  p  116 

near  Ridgeway  bridge: 

discharge WS  97,  p  417 

Oak  Orchard,  N.  Y. 
Oneida  River  near: 

description WS  82,  pp  70-71 

discharge WS  82,  1 1  7 1 

gage  heights WS  82,  p  71 

Oak  Ridge,  N.  C. 

rainfall  data WS  83,  p  56 

Oakwood,  Tex. 

Trinity  River  near: 

discharge WS  84,  p  143 

Oberlin,  Kans. 

rainfall  data Ann  20,  iv,  pp  306,  309,  313 

Oberry  Bar,  Ga. 

Altamaha  River  near: 

discharge Ann  20,  iv,  p  169 

Ocala,  Fla. 

Silver  Spring  near: 

discharge WS  27,  p  45 


Ocmulgee  River,  Ga. 

description Ann  21,  iv,  p  138; 

22,  iv,  pp  167-172 
near  Berner,  Ga.: 

discharge WS  65,  p  263;  98,  p  102 

near  Flovilla,  Ga.: 

description WS  65,  p  262; 

83,  p  110;  98,  pp  97-98 

discharge WS  65,  p  262; 

83,  p  110;  83,  p  113;  98,  p  98 

discharge,  monthly WS  7">,  ]>  7">; 

83,  p  111;  98,  p  99 

gage  heights WS  65,  ] »  263; 

83,  p  110;  98,  p  98 

rating  tables WS  65,  p  321; 

83,  p  110;  98,  p  99 
near  Holton,  Ga.: 

discharge WS  98,  p  103 

near  Lumber  City,  Ga.: 

description WS83,  p  113 

near  Macon,  Ga.: 

description Ann  18,  iv,  pp  79-80; 

19,  iv,  p  230;  Bull  140,  p  74;  WS  15, 
p  44;  27,  p  32;  36,  pp  136-137;  48,  p 
155;  65,  p  264;  83,  p  107;  98,  pp  94-95 

discharge Ann  18,  iv,  p  80; 

19,  iv,  pp  230-231 ;  Bull  140,  p  75; 
WS  15,  p  44;  27,  p  44;  36,  p  137; 
48,  p  155;  83,  p  107;  65,  p  265;  98,  p  95 

discharge,  low-water Ann  18,  iv,  p  84 

discharge,  monthly.. Ann  18,  iv,  pp  82-83; 
19,  iv,  p  232:  20,  iv,  pp  161,  171; 
21,  iv,  p  139;  22,  iv,  p  172;  WS 
75,    p    75;   83,    p   109;  98,   p  97 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights Bull  140,  p  75; 

WSll,pp 21-23;  15,  p44;27,p 
43;  36,  p  137;  48,  p  156;  65,  p 
265;   83,    p   108;   98,  pp  95-96 

hydrographs Ann  18,  iv,  p  84; 

19,  iv,  p233;  20,  iv,  p  172; 
21,  iv,  pl39;  22,  iv,  p  173 

rainfall  and  run-ofT  relation Ann  20, 

iv,  p  161 

rating  tables.  Ann  18,  iv,  pp  81-82;  19,  iv, 

p  232;  WS  27,  p  46;  39,  p  444;  52,  p 

513;  65,  p  321;   83  p  109;  98,  p  96 

profiles Ann  22,  iv,  pp  168,  169 

tributaries  of: 

discharge,  miscellaneous. . .  WS  49,  p  207 

water  powers Ann  22,  iv,  pp  170-172 

Ocmulgee  River  basin,  Ga.: 

river  and  rainfall  stations  in: 

map WS  75,  p  67 

rainfall  and  run-off  relation "WS  75,  p  75 

Oconee  Creek,  Ga.: 
near  Lumber  City: 

discharge WS  83,  p  113 

Oconee  River,  Ga.: 

description Ann  21,  iv,  p  136 

near  Barnett  Shoals: 

description WS  65,  p  257;  83,  p  99 

discharge WS  65,  p  257;  83,  p  99 

discharge,  monthly WS  75,  p  66,  74; 

83,  p  101 
gage  heights..  WS  65,  p  258;  83,  pp  99-100 
rating  tables WS  65,  p  321;  83,  p  100 
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Oconee  River,  Ga. — Continued, 
near  Cafey: 

description Ann  18,  iv,  pp  78-79; 

WS15,  p41;  27,  p  31 

discharge Ann  18,  iv,  p  79; 

WS  15,  p  41;  27,  p  44;  49,  p  207 

discharge,  monthly Ann  19,  iv,  p  228; 

20,  iv,  pp  161,  171;  WS  75,  p  75 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  11,  p  21 ; 

15,  p  41,  27,  p43 

hydrograph Ann  19,  iv,  p  229 

rainfall  and  run-oft"  relation Ann  20, 

iv,  p 161 

rating  tables Ann  18,  iv,  p  79; 

19,  iv,  p228;  WS  27,  p  46 
near  Dublin: 

description Ann  19,  iv,  pp  227-228; 

WS  15,  p  42;  27,  |.  31; 
36,  p  133;  48,  p  152,  65,  p 
259;  83,  p  96;  98,  pp  84-85 

discharge WS  15,  p  12; 

27,  p  44;  36,  p  133;  48,  p  152; 
65,   p  259;   83,  p  97;  98,  p  85 

discharge,  monthly Ann  20,  iv,  pp 

161,170;  21,  iv,  p  136;  22,  iv,  p  164; 
WS  75,  pp  68,  75;  83,  p  98;  98,  p  87 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  11,  pp  19-20; 

15,  p42;  27,  p  43;  36,  p  134;  48,  p 
153;  65,  p  260;  83,  p97;  98,  pp  85-86 

hydrographs Ann  20, 

iv,  p  170;  21,  iv,  p  137; 
22,  iv,  pl64;  WS  75,  p  68 

rainfall  and  run-off  relation Ann  20, 

iv,  pl61 

rating  tables "WS  27,  p  16; 

39,  p444;  52,  p  513;  65, 
p321;  83,  p98;  98,  p  86 
near  Greensboro: 

description WS  98,  pp  88-£9 

discharge WS  98,  p  89 

gage  heights WS  98,  p  90 

near  Harmony  Grove: 

discharge WS  65,  p  263 

near  Milledgeville: 

description WS  98,  pp  87-88 

discharge Bull  140,  pp  73-74; 

WS  49,  p  207;  83,  p  113;  98,  p  88 

gage  heights WS  98,  p  88 

near  Park's  Mill: 

discharge,  low  water WS  83,  p  113 

near  Willis  Ferry: 

description ws  65,  p  263 

tributaries  of: 

discharge,  miscellaneous...  WS  49,  p  207 
Oconee  River  basin: 

rainfall  and  run-off  relation WS  75,  p  76 

rainfall  data WS  75,  p  72 

river  and  rainfall  stations  in: 

map -  -  WS  75,  p  67 

Oconee  River,  Middle.    See  Middle  Oconee. 
Ocqueoc  River  near— 
Brader  Bridge,  Mich.: 

discharge,  low  water WS  83,  p  296 


( >ctoraro  Creek  near — 
Rowlandsvillc,  M<l.: 

description Ann  18,  iv,  p 

16;  20,  iv,  pp  110-111;  21,  iv,  p  93; 
WS  15,  p  12;  27,  p  10;  35,  pp  81-82 

discharge Ann  18,   iv,  p  16; 

WS  15,  p  12;  27,  p  23;  35,  p  82 

discharge,  monthly Ann  19, 

iv,  p  128;  20,  iv,  p  111;  21,  iv,  p  93 

discharge,  yearly Ann  20,  iv,  p  48 

gage  heights WS  15, 

p  12;  27,  p  17;  35,  p  82 

hydrographs Ann  19, 

iv,  p  129;  20,  iv,  p  111;  21,  iv,  p  93 

rating  tables Ann  19, 

iv,  p  128;  WS  27,  p  24;  39,  p  442 
Ogden,  i  tali 

Bear  River  at: 

discharge Bull  140,  p  230 

rainfall  data Ann  20,  iv,  pp  454,  456,  458 

Ogden  River  near.    See  Ogden  River. 
Ogden  River,  Utah: 

description Ann  12,  ii,  p  334 

near  Eden: 

description Ann  18,  iv,  p  321 

discharge Ann  18,  iv,  p  321 

discharge, monthly Ann  18,  iv,  p  322 

discharge,  yearly Ann  20,  iv,  p  60 

gage  heights WS  11,  p  78 

rating  table Ann  18,  iv,  p  322 

near  Ogden: 

description Bull  140,  p  230; 

WS  16,  p  160;  28,  p  146;  38,  pp  336-337 

discharge Ann  19,  iv,  p  437; 

Bull  110,  p  230;  WS  16, 
pl60;  28,  p  153;  38,  p  337 

discharge,  daily WS  66,  p  121 

discharge,  monthly Ann  19,  iv,  p  439; 

20,  iv,  pp  158,  165;  Bull  140,  p  231 

discharge,  yearly Ann  20,  iv,  p  60 

gage  heights Bull  140,  p  231; 

WS  16,  p  160;  28,  p  151;  38,  p  337 

hydrograph Ann  12,  ii,  p  336; 

19,  iv,  p  439;  20,  iv,  p  465 

rainfall  and  run-off  relation 

Ann  20,  iv,  p  459 

rating  table Ann  19,  iv,  p  438; 

Bull  140,  p  230;  WS  28,  p  154 
near  Powder  Mills: 

discharge,  monthly Ann  11,  ii,  p  103; 

12,  ii,  pp  353,  360;  13,  iii,  p  96 

discharge,  yearly Ann  13,  iii,  p  99 

water  powers Ann  19,  iv,  pp  436-437 

Ogden  Valley,  Utah: 

seepage  investigations  in . .  Bull  140,  pp  223-224 
Ogdensburg,  N.  Y. 

Oswegatchie  River  near: 

description WS  97,  p  360 

discharge WS  97,  p  361 

drainage  areas WS  97,  p  361 

gage  heights WS  97,  p  362 

Ogeechee  River  near— 
Agricola,  Ga.: 

discharge WS  98,  p  80 

Davisboro,  Ga.: 

discharge WS  98,  p  80 
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Ogeechee  River  near— Continued. 
Louisville.  Ga.: 

discharge ws  83,  |  >  95 

Milieu,  Ga. 

description WS  98,  pp  74-75 

discharge WS  83,  p  95,  98,  p  75 

discharge,  monthly WS  98,  p  76 

gage  heights WS  98,  p  75 

rating  table WS  98,  p  76 

Wadley,  Ga.: 

discharge.. WS  83,  p  95 

Ogeechee  River  basin: 

description WS  98,  p  71 

Ohio : 

lakes  of: 

description Ann  l\  iv,  pp  472-474 

rock  waters  of,  by  Edward  Orton Ann  19, 

iv,  pp  633-717 
( >hio  and  Erie  Canal  at— 
Cleveland,  Ohio: 

description ws  97,  p  420 

I  thin  Creek.  Colo.,  in  — 
Grand  River  basin: 

discharge ws  100,  p  94 

Ohio  River  basin: 

description Ann  L8,  iv,  pp  in   lit):  21, 

iv,  p  154,  155;  22,  iv, 
p219;  Bull  140,  p  77 

<  thoopee  River  near — 

( ihoopee,  Ga.: 

discharge WS98,  p  L03 

Reidsville,  Ga.: 

description WS98,pp8]  82 

dis<  barge WS98,  p  82 

discharge,  monthly ws  98,  p84 

gage  heights WS98,  p  82  83 

rating  table WS98,  p  83 

Oil  Creek.  Little,  in— 

Cheyenne  River  basin: 

discharge ws  49,  p  272 

( >jo  <  ialiente  near— 

Chama  River,  N.  Mex.: 

discharge.*...: Ann  l !.  ii.  p  107 

<  (kefenokee  swamp,  Ga. 

description Ann  18,  iv,  pp  7]  72 

Oklahoma,  Okla. 

North  Fork  of  < lanadian  Ui\ er  aeai 

description ws  37,  pp  268-269 

discharge ws  37,  p  269 

gage  heights ws  37,  p  269 

<  >koee  River  near- 

Met  ';>>  v.  Tenn.: 

description WS98,  pp  259  260 

discharge ws  its,  p  260 

discharge,  monthly WS98,  p  262 

gage  heights WS  98,  p  261 

rating  table WS  98,  p  261 

Parksville,  Tenn. 

discharge WS49,  p218 

See  also  Toccoa  River. 

<  ikoee  1  Toccoa  1  River  and  tributaries,  Tenn.: 

discharge,  miscellaneous ws  49,  p  218 

Olancho,  Cal. 

Ash  Creek  near: 

discharge ws  100,  p  225 

Cottonwood  Creek  near: 

discharge WS  100,  p  225 


Old  Boonton,  N.  J. 

Rockaway  River  at: 

discharge WS  82,  p  127 

Old  Croton  Dam,  N.  Y.     Set  Croton  Dam. 
Old  Field  Creek  in- 
New  River  basin,  N.  ('.: 

discharge WS  49,  p  210 , 

Old  Fields  reservoir  site: 

description Ann  20,  iv,  pp  431-432 

Old  fort,  N.  C. 

Catawba  River  near: 

discharge ws  49,  p  204  j 

Curtis  Creek  near: 

discharge WS  49,  p  204  \ 

Jarrett  Creek  near: 

discharge WS  49,  p  204 

Mills  Creek  near: 

discharge. ws  49,  p  204 

Old  River  ditches  in— 
Carson  Sink,  Nev.: 

discharge ws  100,  p259l 

Oldtown.  Tenn. 

French  Broad  River  near: 

description WS  48,  pl87;  65,  p  302; 

83,  p223;  98,  pp  279-280 

discharge ws  48,  p  187; 

65,  p  302;  83,  p  223;  98,  p  280 

discharge,  monthly WS  98,  p  282 

gage  heights ws  48,  p  187; 

65,  i)3ii2;  83,  p  223;  98,  p  281 

rating  tables WS  65,  p  323;  98,  p  281 

Oldtown,  Va. 

New  Ki\  er  near: 

description ws  48,  p  181;  65,  p  293;! 

83,  pp  191-192;  98,  p  252 

discharge WS  48  p  181; 

65,  p  293;  83,  p  192;  98,  p  252 

gage  heights WS48,  p  L81;  65,  1)293; 

83,  pp  193-194,  98,  p  253 
( Hentangy  River,  Ohio: 

description Ann  21,  iv,  p  169 

near  Columbus,  Ohio: 

description WS27,p60;  36,  p  175; 

49,  p  218;  65,  p  295;  98,  p  234-235 

discharge ws  27,  p  65; 

36,  p  175;  49,  pp  218  219;  98,  p  235 
discharge,  lovt  water...  Ann  20,  iv,  p  215 

discharge,  monthly Ann  20,  iv,  p  216 

21,  iv,  pl69;  22,  iv,  p  238 
gage  heights ws  27,  p  65; 


36,  p  176;  49,  p  219;  65,  p  295; 
hydr<  »graph Ann  22, 

rainfall  and  run  off  relation 


ws  39,  p  146; 


98,  p  235 
iv,  p  238 1 
Ann  20,  I 

iv,  p216 
52,  p  515 


rating  tables, 
near  Galion,  Ohio: 

discharge,  low  water 
Olentangy  River  basin,  Ohio: 

description Ann  20 

olive,  Cal. 

Santa  Ana  River  near: 

discharge 

Olive  Bridge,  N.  Y. 
Esopus  creek  near: 

description WS  97,  pp  176-177 

discharge. WS  97,  p  177 

gage  heights WS  97,  p  178 


Ann  20,  iv,  p  215  i 

iv,  pp  215-216 

WS  100,  p  354 
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Olivette,  N.  C. 

Lees  Creek  near: 

discharge WS  49,  p  212 

Olympic  Peninsula,  Wash.: 

description Ann  19,  i  v,  pp  503-504 

map Ann  19,  iv,  p  503 

Omer,  Mich. 

rainfall  data WS  83,  1 1  295 

Rifle  River  near: 

description WS  83,  p  286;  97,  p  433 

discharge WS  83,  p  286;  97,  p  433 

discharge,  low  water WS  S3,  p  296 

gage  heights WS  83,  p  287;  97,  p  484 

Omro,  Wis. 

Fox  River  near: 

description..  WS  83,  pp  297-298;  97,  p  164 

discharge WS  83,  p  298;  97,  p  464 

gage  heights. .  WS83,  p  298;  97,  pp  465-466 
Onaway,  Mich. 

rainfall  data WS  83,  p  295 

Rainy  River  near: 

discharge,  low-water WS  83,  p  297 

Oneida  Castle,  N.  Y. 
Oneida  Creek  near: 

discharge WS  47  p  39 

Oneida  Creek  near- 
Kenwood,  N.  Y.: 

description WS  36,  p  186; 

49,  p  225;  65,  p  110 

discharge WS47,  p  39; 

49,  p  225;  65,  p  111 

.      discharge,  daily WS  36,  p  186; 

49,  pp  226-227 

discharge,  flood WS  65,  p  1 11 

discharge,  monthly Ann  22,  iv,  p  246; 

WS35,  p24;  65,  pill 

hydrograph Ann  22,  iv,  p  247 

Oneida  Castle,  N.  Y.: 

discharge WS  47,  p  39 

Oneida  River  near — 
Brewerton,  N.  Y.: 

description WS  65,  pp  131-132 

gage  heights WS  65,  p  132 

Euclid,  N.Y.: 

description WS  97,  pp  381-382 

discharge WS  97,  p  382 

discharge,  daily WS  97,  pp  384-385 

discharge,  monthly WS  97,  p  386 

rating  table WS  97,  p  383 

Minetto,  N.  Y.: 

description WS  49,  pp  229-230 

discharge WS  49,  p  230 

gage  heights WS  49,  p  230 

Oak  Orchard,  N.  Y.: 

description WS  82,  pp  70-71 

discharge WS  82,  p  71 

gage  heights "WS  82,  p  71 

O'Neill,  Nebr. 

rainfall  data Ann  20,  iv,  pp  257,261,265 

Elkhorn  River  near: 

discharge Ann  19,  iv,  p  335; 

20,  iv,  p  299:  WS  27,  p  88;  39,  p  139 
O'Neil  reservoir  site  on— 
Wenas  Creek,  Wash.: 

capacity Ann  22,  iv,  p  449 

description , . . .  Ann  22,  iv,  p  449 


WS  100,  pp  423-424 

WS  100,  p  424 

WS100,  p  424 


WS  49,  pp  259-260 


I  >ntario,  Oreg. 

Malheur  River  near: 

description 

discharge 

gage  heights 

Ontonagon  River  near — 
Glens  Falls,  Mich.: 

description 

Rockland,  Mich.: 

description WS  97,  p  497 

discharge WS  97,  p  498 

( >ostanaula  River,  Ga.: 

description Ann  21,  iv,  p  147 

near  Resaca,  Ga.: 

description Ann  18,  iv,  p  98; 

WS  15,  p  50;  27,  p  48;  36,  pp 
146-147;  48,  p  162;  65,  p  277 

discharge Ann  18,  iv,  p  99;  WS  15, 

p  50;  27,  p  57;  36,  p  147;  48,  p  162 

discharge,  monthly Ann  19,  iv,  p  245; 

20,  iv,  pp  181-190;  21,  iv,  p  147; 
22,   iv,  p  198;    WS   75,   p   90 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  11,  pp  28-30;  15,  p50; 

27,  p  52;  36,  p  1  17:   18,  p  163;  65,p278 

hydrographs Ann  19,  iv,  p  246; 

20,  iv,pl9<>:  21,  iv,pl48;  22,iv,pl98 

rainfall  and  run-oft*  relation Ann  20, 

iv,  p  181 

rating  tables Ann  18,  iv  p  99; 

19,  iv,  p  245;  WS  27,  p  58; 
39,  p  445;  52,  p  51 4;  65,  p  322 
near  Rome,  Ga.: 

discharge..  Ann  18,  iv,  p  109:   19.  iv,  p252 
Opelika,  Ala. 

rainfall  data WS  75,  pp  86,  87 

Ophir  Creek  in— 

Washoe  Valley,  New: 

discharge ws  100,  p  231 

Opossum  Creek  in — 
James  River  basin: 

discharge. Ann  19,  iv,  p  170 

Ora,  Idaho. 

Black  Springs  Creek  near: 

discharge WS  85,  p  216 

North  Fork  Snake  River  near: 

description "WS  85,  p  215;  100,  p  455 

discharge WS  85,  p  215;  100,  p  455 

discharge,  monthly WS  100,  p  457 

gage  heights WS  85,  p  215;  100,  p  456 

rating  table "WS  100,  p  456 

Orchard,  Colo. 

South  Platte  River  near: 

description Ann  18,  iv,  p  166; 

Bull  140,  pp  112-113;  WS  15,  p  89; 
27,  pp  77-78;   37,  p  226;  49,  p  282 

discharge Ann  18,  iv,  p  167; 

Bull  140,  p  113:  WS15,  p  89; 
27,  p  86;  37,  p  226;  49,  p  283 

discharge,  monthly Ann  19, 

iv,  pp  315-316;  20,  iv, 
pp  264,  293;  21,  iv,  p  203; 
22,  iv,  p  320;  WS  75,  p  136 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  1 1 ,  p  53;  15,  p  89; 

27,  p84;  37,  p  227;  49,  p  283 
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orchard,  Colo.— Continued. 

South  Platte  River  near— Continued. 

hydrographs Ann  19,  iv,  p  316;  20,  iv, 

p  294;  21,  iv,  p  203;  22,  iv.  p  320 

rainfall  and  run-off  relation Ann  20, 

iv,  p266;  WS  75,  p  137 
rating  tables...  Aim  L9,  iv,  p315;  ws  27, 
p  89;  39,  p  148;  52,  p  517 
Ord,  Nebr. 

North  Loup  River  neai 

discharge Bull  L40,  p  115 

( (reana,  Nev. 

Humboldt  River  near: 

description Ann  l\  iv,  p  306; 

Bull  140,  p  220;  ws  in.  p  L55;  28, 
p  1  16;  38,  p  330;  51,  p  398;  66, 
p  107;    85,  p   96;  LOO,    pp    L52  153 

discharge Aim  L8,  iv,  p307; 

WSlii.p  155;  28, p  L53;  38,p330;  51, 

p  398;  66,  p  L07;  85,  p  97;  L00,  p  L53 

discharge,  monthly.-  Ann  18,  i\ .  p  308;  L9, 

iv.  p  L28;  20,  i\.  p  139;  21,  iv. 

p  393;  22,  iv,  p   102;   WS  7."., 

p   is;;    85,   |-  98;    LOO,   p   L54 

discharge,  yearly Aim  20,  iv,  p  60 

heights ws  11,  p  75;  L6,  p  1 5  >; 

28,  p  I  Iv  38,  p  330;  51,  p  399; 
66,  p  L08;  85,  p  97;   inn.  p  153 

hydrographs Ann  18,  i\ . 

P  309;    i'.»,    iv,    p    L29;  20, 

iv.  p  140;  21,  iv,  p 

iv,  p   L02;  ws  75,  p   i-:; 

rating  tables Ann  18,  iv,  p  307;  L9 

n.  p  L28;  ws  •>,  p  L54; 
•J.  p  520;  66, 
P  17."-;  85,  p97;  100,  p  Id 
( >rin  Junction,  Wyo. 

North  Platte  Rivi  i  aeai 

description Aim  i^,  iv.pp 

L50  L51;  L9,iv,  p305;  Bull  l;;i. 
pp  29  30;  ws  L5,  p  83;  'J7.  p 
76;   37,    pp  JIT  218;    l'.'.  p  -'71 

discharge Ann  L8,  i\ .  p  L52; 

Bull  L31,  p  90,  91,  92;  1  L0,  p  98; 
WS  15,  p83;  27,  p  36    37    p  218 

discharge,  monthly Ann  18,  iv.  p  15 '.. 

L9,iv,p  307;  20,iv,pp  262,266; 
21,  iv.    p   L96;    Bull   1  in,   p  99 

discharge,  yearly Ann  20,  iv,  p  54 

heights Bull  110,  p  99; 

WSll,  p51;  16,p83;  27, 
p  79;  .",7.  p  218;   1'.',  p  27.") 

hydrographs Ann  L8,iv,p  L53; 

19,  iv.  p307;  20,  iv,  p  267;  21,  iv,  p  196 

rainfall  and  run-off  relation Ann  20, 

iv.  p  265 

rating  tables Ann  18,  iv.  p  L52; 

P.t,  iv.  p306;  Bull  140,  p 98; 
ws  27.   p  88;    39.  p    117 
Oriskany,  N.  V.,  near.    See Oriskany Creek; 

( triskany  feeder. 
(  triskany  ( 'reek.  N.  Y .: 

drainage  areas WS  65,  p  lis 

near  Coleman,  X.  V.: 

description ws  35,  p  47 

discharge,  monthly WS  35,  p  24 


oriskany  (reek,  N.  V.— Continued. 
near  (  triskany,  N.  Y.: 

description WS  35,  pp  47-48; 

17.  pp  15-46;  65,  pp  145-146; 
147-148;  82,  p  79;  97,  p  217 

discharge ws  47,  pp  39,  46; 

65   p  L48;  82,  pp  79-80;  '.'7,  P  jiy 
discharge,  daily..  WS35,  p48;  17,  pp  Hi  17 

discharge,  monthly Ann  22,  iv.  p88; 

WS35,  p24;  65,  p  117 

gage  heights. ws  t;:»,  p  l  L9;  82,  p  so 

hydrographs. .  Ann  21,  iv,  p  titi:  22,  iv,  p  89 
Oriskany  feeder  hear— 
( (riskany,  X.  Y.; 

discharge WS  65,  |»  117 

Orleans,  Nebr. 

Republican  River  near 

discharge ws  39,  p  no 

Orono,  Me. 

Penobscot  River  near: 

discharge Ann  P.t,  Lv,  pp  56  57 

rainfall  data Ann  19,  iv,  p  57 

<  Mono  Island.  Me. 

East  and  Wesl   branches  of  Stillwater 
River  near: 

discharge Ann  P.t,  iv,  pp  »f .  ..7 

( (roville,  Cal. 

Feather  River  neai 

description WS85,  pl33;  LOO,  p  272 

discharge ws  66,  p  167; 

85,  p  L33;  Inn,  p  273 

discharge,  low  water WS51,  p  180 

discharge,  monthly WS85,  p  135; 

100.  p274 

gage  heights ws  85,  p  L34;  inn.  ,,-7:; 

rating  table ws  85,  p  134;  LOO,  p  274 

orwell.  N.  V. 

Salmon  River  near: 

description ws  36,  pp  1 00-191 

i  »sage  River  near— 

(  tttawa.  Kans.: 

description ws  99,  p41 

discharge ws  99,  p  12 

gage  heights ws  99,  p  12 

1  iOm.hi.  <ia. 

Bightower  « Ireek  near: 

discharge ws  49,  p  217 

(  tseeola,   Va. 

Middle  Fork  of  Bolston  River  mar: 

discharge ws  27,  p  <;t; 

( tshkosh,  Wis. 

FOX  River  near: 

description WS83,  p  29s 

discharge WSM,  p  298 

gage  heights WS  83,  p  299 

Oswegatchie  River,  N.  Y. 

description "WS  65,  pp  33  35 

near  Ogdensburg: 

description WS  97,  p  360 

discharge .' WS  97,  p  361 

drainage  areas WS  97,  p361 

gage  heights WS  97,  p  362 

water  powers WS  65rpp  35-36 

Oswego,  N.  Y. 

Oswego  River  near.    Set  Oswego  Kiver. 
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Oswego  River,  N.  Y.: 

description Ann  21,  iv,  p  182 

drainage  areas ws  65,  p  130 

near  Fulton,  N.Y.: 

description ws  36,  pp  188-189; 

65,  pp  133-134;  82,  p  71 

discharge ws  65,  p  133.  82,  p  72 

discharge,  monthly WS  35,  p  24 

near  Minetto,  N.  Y.: 

description WS  65,  p  134; 

82,  p  72;  97,  p  378 

discharge ws  47,  p  39, 

65,  p  136;  82,  p  76;  97,  p  378 

discharge,  daily WS  82; 

pp  72-74;  97,  p  380 

discharge,  monthly WS  82, 

p  75;  97,  p  381 
gage  heights. .  WS  65,  pp  134,  135;  97,  p379 
near  Oswego,  N.  Y.: 

description WS  36,  p  189;  49.  p231; 

65,  pp  137-138;  82,  p  76 

discharge WS  65,  p  137;  82,  p  76 

discharge,  daily ws  49, 

pp  232-233;  65,  p  138 

discharge,  monthly Ann  22,  iv,  pp 

250-251,  WS65,  p  139 

gage  heights WS  36,  pp  189-190 

hydrographs Ann  22,  iv,  p  251 ; 

WS  75,  p  25 
Oswego  River  basin : 

map Ann  21,  iv,  p  180 

pondage  areas "WS  65,  p  135 

Otay  (Lower)  dam: 

description Ann  18,  iv,  pp  637-640 

Otay  (Lower)  reservoir: 

plans Ann  18,  iv,  p  637 

Otero  ditch  near— 

Apishapa  flume,  Colo.: 

discharge Bull  131,  p  91 

Rocky  Ford,  Colo.: 

discharge Bull  131.  p  90 

Otis,  S.  Dak. 

Squaw  Creek  near: 

discharge WS  49,  p  272 

Ottawa,  111. 

Fox  River  near: 

description WS  83,  p  173;  98,  p  207 

discharge WS  98,  p  207 

gage  heights WS  98,  p  208 

Illinois  River  near: 

description WS  83, 

pp  172-173,  98,  pp  204-205 

discharge WS  98,  p  205 

discharge,  monthly WS  98,  p  207 

gage  heights WS  98,  p  206 

rating  table WS  98,  p  206 

Ottawa,  Fans. 

Marais  des  Cygnes  River  near: 

description WS  84,  pp  14-49 

discharge WS  S4,  p  14 

gage  heights WS  84,  p  15 

Osage  River  near: 

description '. . . .   WS  99,  p  41 

discharge WS  99,  p  42 

gage  heights WS  99,  p  42 


Ottawa,  Ohio. 

Blanchard  River  near: 

description WS  83,  p  240;  97,  p  426 

discharge WS  83,  p  240;  97,  p  426 

gage  heights . .  ws  83,  p  240;  97,  p  427 

rainfall  data WS  75,  p  111 

Ottawa  River,  Quebec,  near  Carillon: 

discharge Ann  20,  iv,  p  227 

Ottawa  River,  I  >hio,  near- 
Lima: 

description . .  WS  83,  p  240;  97,  pp  427-428 

discharge WS  83,  p  241 ;  97,  p  428 

gage  heights WS  83,  p  241,  97,  p  428 

Otter  Creek,  Okla.,  near— 
Mountain  Park,  Okla.: 

description WS  99,  pp  .",1 6-31 7 

discharge WS  99,  p  317 

discharge,  monthly ws  99,  p  319 

gage  heights WS  99,  pp  317-318 

rating  table WS  99,  p  318 

Otter  Creek,  Vt.,  near— 
Middlebury: 

description WS  97,  p  353 

discharge WS  97,  p  353 

discharge,  monthly WS  97,  p  355 

gage  heights WS  97,  p  354 

rating  table WS  97,  p  354 

Otter  Creek,  Va,,  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  170 

Ottumwa,  Iowa. 

Des  Moines  River  near: 

discharge WS  99,  p  34 

Ouachita  River  near— 
Camden,  Ark.: 

discharge : WS  84,  p  111) 

Malvern,  Ark.: 

description WS  99,  pp  313-314 

discharge WS  99,  p  31  I 

gage  heights ws  99,  pp  31  1-315 

Ough,  Nebr. 

rainfall  data Ann  20,  iv,  pp  306,  307,  313 

Ouray  School,  Utah 
Uinta  River  near: 

description WS  37,  p  291;    50.  p  371 ; 

66,  p  86;  85,  p  52;  100,   pp    103-104 

discharge Ann  21,  iv,  p  322; 

WS37,p291;  50,  p  372;  66, 
P  ^7;   85,   p  53;   100,  p  104 

discharge,  monthly Ann  21,  iv,  p  321; 

22,   iv,   p  377;   WS  75, 
P  166;  85,  p55;  100,pl06 

gage  heights WS  37,  p  291 ; 

50,  p  372;  66,  p  87;  85,  p  54;  100,  p  105 

hydrograph Ann  22,  iv,  p  377 

rating  tables WS  52,  p  519;  60, 

])  174;  100,  p  105 
Overton,  Cal. 

Independence  Creek  near: 

description WS  85,  p  121;  100,  p  197 

discharge WS  85,  p  122;  100,  p  197 

discharge,  monthly WS  100.  p  199 

gage  heights WS  85,  p  122.  100,  p  198 

rating  table WS  100,  p  l'J9 

Owens  Creek  in — 

James  River  basin: 

discharge Ann  19,  iv,  p  171 
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Owens  River  near — 

Citrus,  Cal.: 

description WS  100,  |  >  222 

discharge ws  100,  p  223 

gage  heights WS  100,  p  223 

Round  Valley,  Cal.: 

description WS  100,  p  206 

discharge WS100,  p  206 

gage  heights WS  100,  p  207 

<  (wens  River  basin: 

investigations  in WS  mo.  p  206 

i  >wens  River  canal  near- 
Bishop,  Cal.: 

description wsiihi,  pp209  210 

discharge ws  ion.  p210 

gage  heights ws  ion,  p  210 

<  iv.  l  Creek  uear 

Eiwassee,  Ga.: 

discharge ws  19,  p217 

Owl  Creek  drainage  basin,  Wyo. 

description Ann  22,  iv,  pp  2 

Owltown  Creek,  i  ra  ,  near — 
Ellijay: 

discharge WS49,  p  209 

<  Kvyhee,  Malm 

Bruneau  River  near: 

heights ws  11,  p81 

Owyhee,  <  n 

Owyhee  River  near.    Set  Owyhee  Rivei 

<  n\  j  hee  River,  <  >reg. 

discharge Bull  131,  p  92 

discharge,  B 1 Ann  n   ii,  p  86 

near  Nyssa,  <  »reg.: 

description Ann  is.  [y,  p  346; 

Bull  1  in.  p242 

discharge Ann  L8,  iv,  p346; 

Bull  1  in.  p  :u 

discharge,  monthly Ann  18,  iv,  p  347 

discharge,  yearly Ann  20,  i\.  p  62 

heights..   Bull  1 10,  p  242;  WS  11, p  82 

rating  table Ann  is.  iv,  pp  346  347 

near  ( »wyhee,  <  >reg.: 

description Bull  131,  pp  66-67; 

WS  100,  pp  M  i   146 

discharge ws  L00,  p  146 

discharge,  flood Ann  11,  ii.  p  86 

heights Bull  i:;i    p  67 . 

WS  100,  p  146 

rating  table Bull  L31,  p  67 

near  Rigsbj  ,  On 

description Ann  14,  ii.  pp  L30  131 

discharge Ann  1 1,  ii.  p  132 

discharge, monthly Ann  11,  ii,  p  106; 

12,  ii,  pp  357  361;   I:: 
iii,  i>  Us,  1  l.  ii    p  131 

discharge,  yearly Ann  13,  iii   p  99 

hydrographs Ann  I2,ii,p344; 

1  l.ii.p  130 
owyhec-  Rivei  basin,  <  >reg.: 

description Ann  11,  ii.  pp  85  86 

i  ixanna,  Ala. 

rainfall  data WS  75,  pp  86-87 

<)\  Bow  Portage  Rapids. 
Mississippi  River  at: 

discharge Ann  22,  iv,  p  219 


Oxford,  N.  II. 

•  lonnecticut  River  near: 

description ws  47,  p  34; 

65,  i>  29;  82,  p  4(1;  97,  p  81 
discharge.,  ws  65,  p  29;  82,  p  17:  97,  p  81 

discharge,  monthly WS  75,  p  •-':'>: 

82,  p48;  97,  p  84 

gage  heights ws  17,  p34; 

<;r>,  p30;  82,  p47;  97,  p  82 
rating  table  . . .  ws  65,  i>  318;  97,  pp  82-84 
Oxford,  Nebr. 

Republican  River  near: 

discharge Ann  18,  iv.  p  206; 

20,  iv,  p  302;  Bull  1  in,  p  136;  WS 
39,  p  mi.  50,  p  ::il:  84,  pp  L12,  113 
Oxford  ditch,  Colo. 
near  head: 

discharge Bull  131,  p  91 

i  Oxford  Farmers'  canal  near 
Nepesta,  Colo.: 

discharge ws  84,  p  129;  99,  p  292 

discharge,  monthly ws  99,  p  293 

gage  heights ws  99,  p  292 

rating  table ws  99.  p  293 

P. 

Pacific  '  feck,  Wyo. 
near  mouth: 

discharge ws  ion.  p  n;i 

Pacoima  dam,  Cal. 

description Ann  18,  iv.  pp  693  695 

discharge,  low-water ws  39,  p  1:11 

Pacoima  i;i\  er,  Cal.: 

discharge  ..  WS28,  p  192;  66,  p  167;  L00,p347 
Pacoima  wash,  Cal. 

discharge,  low  water ws  39,  p  434 

Paddj  Creek 

near  Bridgewater,  N.  <'.: 

discharge ws  49,  p  205 

Pagoda,  Colo. 

rainfall  data Ann  'JO,  iv,  pp  375,  379 

Pala,  Cal. 

San  Luis  Rey  River  near: 

description ws  100,  pp  331-332 

discharge ws  L00,  pp332,  346 

gage  heights ws  100,  p332 

Palisade,  Nebr. 

Frenchman  River  near: 

description Ann  18,  iv,  pp  197-198; 

Bull  131,  pp  33-34;  140,  pp  131-133 

discharge Ann  18,  iv,  p  198; 

19,  iv,  p  351;  20,  iv,  p  299;  Bull 
131,  p34;  L31,  pp91,92;  140,  p  L32; 
WS  27,  p  88;  39,  p  439;  50,  p  310 

discharge,  daily Ann  18,  iv,  p  199 

discharge,  monthly Bull  140,  p  135 

gage  heights Bull  140,  pp  134-135; 

WS  11,  p66 

rating  table Ann  18,  iv,  p  198; 

Bull  140,  p  134 

seepage  measurements Bull  140, 

pp  347-348 
Stinking  Water  River  near: 

discharge'..  Ann  is.  iv.  p  206;  20,  iv,  p303; 
WSS  p88;  39,  p  .:n 
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Palisade,  Nev. 

Humboldt  River  near: 

description WS  85,  plOO;  100,  p  157 

discharge WS  100,  p  158 

discharge,  monthly WS  100,  p  159 

gage  heights WS  85,  p  100;  100,  p  158 

rating  table WS  100,  p  159 

Pine  Creek  near: 

description WS  85,  p  101;  100,  p  160 

discharge" WS  85,  p  101 ;  100,  p  160 

gage  heights..  WS85,pl01;  100, pp  160-161 
Palisades,  Colo. 

Grand  River  near: 

description WS  85,  pp  46-47;  100,  p  87 

'  discharge WS  85,  p  47;  100,  p  88 

discharge,  monthly..  WS85,p48;  K0,p89 

gage  heights WS  85,  p  47;  100,  p  88 

rating  tables WS  85,  p  48;  100,  p  89 

Pallett  Creek  near— 
Cienega,  Cal.: 

discharge Ann  19,  iv,  p  535 

Palmdale,  Cal.: 

discharge WS  28,  p  190 

Palmdale,  Cal. 

Bigrock  Creek  near: 

discharge WS  28,  p  190 

Littlerock  Creek  near: 

description Ann  18,  iv,  pp  402-404; 

19,  iv,  pp  526-527;  20,  iv,  p  540; 
WS  16,  p  193;    28,  pp  186-187 

discharge Ann  18,  iv,  p  404; 

WS  16,  p  193;  85,  p  190 

discharge,  monthly Ann  18,  iv,  p  405; 

19,  iv,  p  527;  20,  iv,  p  540;  21,  iv,  p  471 

discharge,  yearly Ann  20,  iv,  p  61 

gage  heights WS  16,  p  193;  28,  p  189 

hydrograph Ann  19,  iv,  p  528 

rating  tables Ann  18,  iv,  p  404; 

19,  iv,  p  527;  WS  28,  p  191 
Pallett  Creek  near: 

discharge WS  28,  p  190 

rainfall  data Ann  18,  iv,  p  418) 

19,  iv,  pp  538,  539;  20,  iv,  pp 
560,  561;  WS  39,  pp  437,   438; 
52,  pp  495,  496;  66,  pp  168,  169 
Palmer,  Nebr. 

rainfall  data Ann  20,  iv,  pp  267,  261,  265 

Palmers  Creek  in — 
Carson  Valley  Nev.: 

discharge WS  100,  p  227 

Palos,  Ala. 

Locust  Fork  of  Black  Warrior  River  near: 

description WS  83,  p  159;  98,  p  164 

discharge WS  83,  p  159;  98,  p  165 

discharge,  monthly.  WS  83,  p  161;  98,  p  166 

gage  heights WS  83,  p  160;  98,  p  165 

rating  tables WS .83,  p  160;  98, .p  166 

Palouse  River,  Wash. 

canals  and  water  powers Ann  19, 

iv,  j)])  458   r>'.> 

description Ann  21,  iv,  p  414 

near  Hooper,  Wash: 

description WS  16,  p  172; 

28,  p  155;  38,  pp  360-361;  51,  p  443;  66, 
p  136;  85,  pp  203-201;    Kill,  pp  413-414 

discharge Ann  19,  iv,  p  460;  WS  16, 

p  172;   28,    p  168;  51,    p 
444;  85,  p  204;  100,  \,   111 


Palouse  River,  Wash.— Continued. 
near  Hooper,  Wash.— Continued. 

discharge,  monthly...  Ann  20,  iv,  pp  489, 
514;  21,  iv,  p  414;  22,  iv,  p 
452;  WS  75,  p  206;  85,  p  205 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights WS  16,  p  172; 

28,  pl62;  38,  p361;  51,  p  444; 
66,  p  137;  85,  p204;  100,  p415 

hydrographs Ann  20,  iv,  p  490; 

21,  iv,  p  415;  22,  iv,  p  452 

rainfall  and  run-off  relation Ann  20, 

iv,  p  514 

ruling  tables WS  28,  p  170;  39,  p  454; 

52,  p  522;  66,  p  177;  85,  p  205 
Palouse  River  basin: 

description Ann  22,  iv,  p  451 

Palouse    and    Walla    Walla    River    basins, 
Wash.: 

rainfall  data Ann  20,  iv,  pp  512-514 

Panama  canal  route: 

hydrography  of Ann  22,  iv,  pp  593-630 

Pantano,  Ariz. 

rainfall  data Ann  12,  ii,  p  307 

Panther  Creek  near— 
Turnerville,  Ga.: 

discharge WS  49,  p  206 

Paperville,  Tenn. 

Sinking  Creek  near: 

discharge WS  49,  p  215 

Parachute,  Colo. 

rainfall  data Ann  20,  iv,  pp  375, 

376,  379,  397,  398,  399 
Paradise  Cut,  Cal. 

San  Joaquin  River  near: 

discharge Bull  140,  p  314 

Paradise  Valley  canal  near- 
Chinook,  Mont.: 

description WS  99,  p  107 

discharge WS  99,  p  107 

gage  heights WS  99,  p  107 

Parkers  Creek  in — 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  136 

Parks  Creek,  Ga.,  in— 
Etowah  River  basin: 

discharge WS  49,  pp  208,  209 

Parks  Creek,  Nev.,  in— 
Carson  River  basin: 

discharge. . .  WS  85,  p  126;  100,  pp  227-228 
Park's  Mill,  Ga. 

Oconee  River  near: 

discharge,  low-water WS  83,  p  113 

Parksville,  Tenn. 

Bakers  Creek  near: 

discharge WS  49,  p  218 

Okoee  River  neir: 

discharge WS  49,  p  218 

Paris,  Idaho. 

rainfall  data Ann  20,  iv,  pp  454,  456,  458 

Paris  Creek  in- 
Interior  drainage  basin,  Idaho: 

«    discharge WS  100,  p  224 

Parleys  Creek  near  — 

Salt  Lake  Cit\  ,  !'t..li; 

description WS  51,  p  Li 

discharge,  daily WS  51,  p  421 
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Pail  in,  Colo. 

s wartz  Creek  near: 

discharge WS  100,  p  94 

Parrot  ts  Ferry.  Cal. 

Stanislaus  River  near: 

discharge WS  85,  p  159 

Pasadena,  Cal. 

Arroyo  Seco  near: 

description WS  51,  p  471;  66,  p  161 

discharge WS  51,  p  171;  66   p  161 

Pasadena  mesa,  Cal. 

artesian  wells  in Ann  20,  iv,  pp  54G-548 

underground  water  obtained  from..  Ann  20, 
iv.  | .p.")  1:5-546,  548-549 
Pasco,  Wash. 

Columbia  River  near: 

discharge Ann  19,  iv,  p  166 

Snake  River  near: 

discharge Ann  19,  iv,  p  465 

Passadumkeag  River,  Me. 

description Ann  19,  iv,  p64 

Passaic  River,  N.  J.: 

description ws  i;r»,  p210 

near  Chatham,  X.  .).: 

description ws  97.  p236 

discha  rge ws  '.'7.  p  236 

gage  heights ws  97,  p  237 

near  Millington,  X.  .1.: 

description WS97,  p237  238 

discharge ws  82,  p  L27;  '.'7.  p238 

gage  heights ws  97.  p238 

near  Stanlej .  N.  J.: 

discharge WS  82,  p  127 

near  Two  Bridges,  N.  J.: 

description ws  65,  p210; 

82,  p  12:.;  97,  |>  231 

discharge WS  65,  p  211: 

82,  p  12:.;  97,  p2:;2 

discharge,  monthly ws,  7.">.  p  26; 

82,  p  L26 

heights ws  65,  p  21 1; 

82,  p  12...  97,  p232 

rating  table ws  65,  p  318 

Passaic  River  basin: 

description ws  75,  pp  2.".  26; 

82,  p  L23;  '.'7.  pp  223-224 
Passage  Creek  in— 

Shenandoa  li  Eti\  er  basin: 

discharge Ann  19,  iv,  p  137 

Pas- « 'reck,  Colo.,  near 
K  remmling: 

discharge WS66,  p  98 

Pa<<  Creek,  Wyo.,  in — 
(  arl inn  ('< unity: 

discharge ws  84,  p  94 

Passumpsic  River  near — 
St.  Johnsbury  Center,  Vt. 

description ws  97,  p  88 

discharge ws  '.»7.  p  89 

gage  heights ws  '.»7.  p  89 

Pastoria  Creek  in— 

San  Joaquin  River  basin: 

description  Bull  140,  pp  258-259 

discharge Bull  140,  p  259 


Patapsco  River,  Md.,  near— 
Woodstock: 

description Ann  18,  iv,  p  16;  22,  iv,  p 

130;  WS  15,  p  13;  27,  p  10; 
35,  p  83;  48,  p  115;  65,  p  228; 
75,  p  33;  82,  p  165;  97,  p  303 

discharge Ann  18,  iv,  p  17: 

WS  15,  p  13;  27,  p  23;  35„  p  83;  48, 
p  115;  65,  p  228;  82,  p  165;  97,  p  303 

discharge,  monthly Ann  is,  iv,  p  17; 

19,  iv,  p  130;  20,  iv,  pp  113,  115; 
21,  iv,  p  94;  22,  iv,  p  130;  WS 
75,  p  33;    82,  p  167;    97,  p  305 

discharge,  yearly Ann  20,  iv,  p  48 

gage  heights WS  11,  p  8;  15,  p  13; 

27,  pl8;  35,  p  83;  48,  p  115; 
65,  p  228;  82,  p  166;  97,  p  304 

hydrographs Ann  19,  iv,  p  130; 

20,  iv,  pll5;  22,  iv,  pl31 

rating  tables Ann  18,  iv,  p  17; 

19,  iv,  pl29;  WS27,  p2l;  39 .  p  142; 
52,  p511;  65,  p318;  82,  p  100;  97  p304 
Patapsco  River  basin,  Md.: 

description...  Ann  20,  iv,  p  112;  WS  97,  p303 
rainfall  and  run-off  relation..  Ann  20,  iv,p!14 

rainfall  data Ann  20,  iv,  pp  112-114 

river  and  rainfall  stations,  map Ann  20, 

iv,  p  114 
Pateros,  Wash. 

Methow  River  near: 

description ws  100,  pp  387-388 

discharge ws  ioo,  p388 

gage  heights ws  100,  p  389 

Patoka  River: 

description Ann  is,  iv,  p  456 

Patterson  <  Ireek  in— 
Potomac  River  hasin: 

discharge Ann  19,  iv,  p  146 

Patuxenl  River  near- 
Laurel.  Md.: 

description Ann  IS,  iv,  p  18; 

WS  15,  pl4;  27,  p  10 

discharge Ann  18,  iv,  p  18; 

WS15,  p  14;  27,  p  23 

discharge,  monthly Ann  19,  iv,  p  131; 

20,  iv,  pp  113, 116 

discharge,  yearly Ann  20,  iv,  p  49 

gage  heights WS  11,  p  8; 

15,  p  14;  27,  p  18 

hydrographs Ann  19,  iv,  p  132; 

20,  iv,  p  lie, 

raliii^r  lahles Ann  19,  iv,  p  131; 

WS  27,  p  24 
Patuxent  River  basin,  Md.: 

description Ann  20,  iv,  p  112 

rainfall  ami  run-off  relation.  Ann20,iv,pll4 

rainfall  data Ann  20,  iv,  pp  112-114 

river  and  rainfall  stations,  map Ann  20, 

iv,  p  114 
Paulinskill  River  near- 
Columbia.  X.  .1.: 

discharge WS  82,  p  127 

Warrington,  X.  .1.: 

discharge WSS2,  p  127 
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Pauls  Valley,  Ind.  T. 
Washita  River  near: 

description WS  37,  p  270 

discharge ws  37,  p  270 

gage  heights WS  37,  p  271 

Pawnee  Creek,  Nebr. 

discharge Ann  20,  iv,  p  302 

Pawpaw  Creek  in- 
French  Broad  River  basin,  N.  C: 

discharge WS  49,  p  212 

Payette,  Idaho 

rainfall  data Ann  20,  iv,  pp  470,  474 

Payette  River  near.    Sec  Payette  River. 
Payette  River  near— 
Payette,  Idaho: 

description Ann  18,  iv,  p  350; 

Bull  131,  p  66;  140,  pp  237- 
238;  WS  16,  p  170;  38,  p  359 

discharge Ann  18,  iv,  p  351; 

Bull  131,  pp  66,92;   140,  p 
238;  WS  16,  p  170;  38,  p  359 

discharge,  monthly Ann  18,  iv,  p  352; 

19,  iv,  p  455;  20,  iv,  p  473 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights Bull  lit).  p  238; 

WS11,  p83;  16,  p!70 

hydrograph Ann  19,  iv,  p  456 

rainfall  and  run-off  relation Ann  20, 

iv,  p  474 

rating  table Ann  18,  iv,  p  351 

Payette  River  basin,  Idaho: 

description Ann  19,  iv,  p  455 

Peach  Bottom  Creek  in- 
New  River  basin,  Va.: 

discharge WS  49,  p  211 

Peachtree  Creek,  Ga.,  near- 
Atlanta: 

discharge Ann  19,  iv,  p  240; 

WS  83,  p  127 
Clarkston: 

discharge WS  98,  p  128 

mouth: 

discharge Ann  19,  iv,  p  240 

Oakdale: 

discharge,  monthly WS  27,  p  45 

Pearl  River  near- 
Jackson,  Miss.: 

description WS  65,  p  286; 

83,'p  164;  98,  p  170 

discharge WS  65,  p  286; 

83,  p  165;  98,  p  171 

discharge,  monthly WS  98,  ]>  172 

gage  heights WS  65,  p  287; 

83,  p  165;  98,  p  171 

rating  table WS  98,  p  172 

Pearl  River  basin: 

description WS  83,  p 164;  98,  p  170 

Pecos,  Tex, 

Margueretta  flume  near: 

description  . .  WS  84,  pp  168-169;  99,  p  355 
discharge..  WS50,  p  360;  66,  p  77;  84,  p  169 

gage  heights WS  50,  p  361 ; 

84,  p  171;  99  p  357 

rat  in^  table WS  99,  p  358 

Pecos  River  near.     See  Pecos  River. 
West  Valley  ditch  near: 

discharge.  WS  50,  p  359;  66,  p  77;  84,  p  170 


Pecos  River: 

description Ann  20,  p  373 

near  <  arlsbad,  N.  Mcx.: 

description WS  99,  pp  358-359 

discharge WS  99,  p  359 

gage  heights WS  99,  pp  359-360 

near  Pkldy,  N.  Mex.: 

discharge WS  28,  p  130 

near  High  Bridge: 

description WS  28,  pp  119-120 

gage  heights WS  28,  p  126 

near  Moorhead,  Tex.: 

description WS  50,  p  362; 

66,  p  77;  84,  p  166;  99,  p  351 

discharge WS  50,  p  363;  66,  p  78; 

84,  pp  166-167;  99,  pp  352-353 

discharge,  monthly WS  75,  p  160; 

84,  p  168;  99,  p  354 

gage  heights WS  50,  p  363; 

66,  p  78;  84,  p  167;  99,  p  354 
near  Pecos,  Tex.: 

description WS  28,  p  119; 

37,  p  285;  50,  p  358;  66,  p  76; 
84,   pp  168-169;   99,   p  355 

discharge WS  28,  p  130; 

37,  p  385;  50,  p  359;  66, 
p  77;  84,  p  169;  99,  p  356 

discharge,  monthly WS  84,  p  172; 

99,  p  358 

discharge,  yearly Ann  20,  iv,  p'57 

gage  heights WS  28,  p  125'; 

37,  p  286;  50,  pp  360-361 ;  66, 
p  77;   84,   p  170;   99,  p  356 

rating  tables WS  84,  p  171;  99,  p  357 

Redbluff,  N.  Mex.: 

discharge WS  28,  p  130 

Roswell,  N.  Mex.: 

description WS  99,  p  360 

discharge WS  99,  p  360 

gage  heights WS  99,  p  361 

Santa  Rosa,  N.  Mex.: 

description WS  99,  pp  363-364 

discharge WS  99,  p  364 

gage  heights WS  99,  pp  364-365 

Pecos  River  basin: 

description Ann  12,  ii,  pp  282-288; 

21,  iv,  p  277 

irrigation  works Ann  12,  ii,  pp  288-290 

Pecos  Valley  canals,  N.  Mex.: 

engineering  features..  Ann  13,  iii,  pp  187-191 
Pecos  Valley  rock-fill  dams,  N.  Mex.: 

description Ann  18,  iv,  pp  645-648 

Pedlar  River  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  170 

Pedrolis,  Nev. 

Clear  Creek  near: 

discharge ": WS  85,  p  126 

Pedrolis  ditch  near: 

discharge WS  85,  p  126 

Pedrolis  ditch  in — 

Carson  River  basin: 

discharge WS  85,  p  126 

Pedee  (Yadkin)  River.    See  Yadkin  River. 
Pedee  (Yadkin)  River  basin.     See  Yadkin  River 
basin. 
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Peko,  New: 

North  Fork  of  Humboldt  River  near: 

description WS  28,  p  145; 

38,  p325;  51,  p  395 

discharge WS  28,  p  153;  38,  p  325 

discharge,  monthly Ann  20  i  v,  p  436; 

21,iv,p  389 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights WS  28,  p  147; 

38, p  326;  51, p  395 

hydrographs Ann  20,  iv,  p  437; 

21,  iv.  p  389 

rating  tables WS  28,  p  154;  39,  p  452 

Pelican  Lake,  S.  Dak. 

description Ann  22,  iv.pp  300-302 

map Ann  22,  iv,  p  301 

water  storage  possibilities Ann 22,  iv, 

pp  302-303 
Pemberw  iek,  Conn. 
Byram  River  near: 

description WS97,p  119 

discharge,  daily WS  97,  p  120 

Pembina,  N.  Dak. 
Red  River  near: 

description "WS  66,  pp  12-13 

discharge ws  66,p  13 

gage  heights ws  66,  p  13 

Pembina  River  near— 
Nedie.  N.  Dak,: 

description '. ws  100,  pp  488-489 

discharge ws  I00,p  189 

discharge, monthly ws  I00,p491 

gage  heights ws  100,  p  190 

rating  table ws  l00,p  190 

Pemigewassel  Rh  er  near- 
Plymouth,  N.H.: 

description WS97,pp  73-74 

discharge WS97,p74 

gage  heights ws  97.  p  7.". 

Pendergrass,  <  ra. 

Middle  <  >conee  River  near: 

discharge ws  19,  p  207 

W  alnut  River  near: 

discharge ws  19,  p  207 

Pendleton, <  >reg. 

McKay  Creek  near: 

description WS  100,  p365 

discharge ws  I00,p365 

gage  heights WS  100,  p  366 

Umatilla  River  near: 

description Bull  131,p  68; 

WS  100,  pp  362  363 

discharge Bull  131,  pp  69,  90; 

WS  100,  p  364 

discharge,  monthly Bull  131,  p  69 

gage  heights WS100,p364 

Pendleton  Creek  near— 
Lyons,Ga 

discharge ws98,pl02 

Pend  Oreille  Lake,  Idaho: 

elevation  of  water  surface  of WS  38,  p  370 

Pend  Oreille  River    Idaho,  near- 
Priest  River: 

description WS  100,  pp  399-400 

discharge WS  100,  p  400 

gage  heights WS  100,  pp  400-401 


Pennsylvania  canal,  near — 

Harrisburg,  Pa.: 

discharge WS  48,  p  114 

Highspire,  Pa.: 

discharge WS  48,  p  114 

Nanticoke,  Pa.: 

discharge WS  48,  p  114 

Steelton,  Pa.: 

discharge WS  48,  p  114 

Penobscot  River,  Me.: 

near  Costigan: 

description ws  65,  p  11 

discharge,  daily ws  65,  pp  14-15 

discharge,  monthly ws  75,  p  20 

near  Millinocket: 

description WS--82,  p  19;  97,  pp  26  27 

discharge,  daily.  WS  82,  pp  19-20;  97,  p  27 
discharge,  monthly WS  82,  p  21 

near  Montague,  Me.: 

description.,  ws  65,  pl5;  82,  p  16;  97,p28 
discharge.. .  ws  65,  p  15;  82,  p  17;  97,  p  28 

discharge,  monthly WS  82,  p  18; 

97,  pp  31-32 

gage  heights WS  65,  p  15; 

82,  p  17:97,  1)1)29-30 
rating  tables WS  82,  p  18;  97,  p  31 

near  <  Irono,  Me.: 

discharge Ann  19,  iv,  pp  56-57 

tributaries  of: 

description Ann  19,  iv,  pp  64-65 

Penobscol  River  basin,  Me.: 

description Ann  19,  iv,  pp  52-53; 

WS82,  pp  14-16;  97,  pp  25-26 

drainage  areas Ann  19,  iv,  p  53 

elevations Ann  20,  iv,  pp  54-55 

map Ann  19,  iv,  p  52 

storage  facilities Ann  19,  iv,  pp  57-58 

water  powers Ann  19,  iv,  pp  55-56,  60-64; 

WS  69,  pp  27-38 
Penobscol  River,  Easl  Branch: 

description Ann  19,  iv,  p  65 

near  Grindstone,  Me.: 

description WS82  p  22:  97,  pp  32-33 

discharge WS82,p22;  97,  p33 

discharge,  monthly ws  97,  p  34 

gage  heights ws  w,  p22;  97,  p  33 

rating  table ws  97,  p  34 

Penrose,  N.  C. 

French  I'.road  River  near: 

discharge ws  49,  p  211 

Peoria,  ill. 

Illinois  River  near: 

description Ann  21,  iv,  p  176; 

WS  83,  p  172;  98,  pp  199-200 
discharge. .  Ann  21,  iv,  p  176;  WS  98,  p200 

discharge,  monthly WS  98,  p  202 

gage  heights ws  98,  pp  200-2U1 

ratingtable WS  98,  p  201 

Pequannock  River- 
near  Pompton,  N.  J.: 

discharge WS  82,  p  127 

Percolation  of  waterthrough  soil,  apparatus 

for  determining Ann  19,  iv, 

pp  622-623 
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Perkiomen  Creek  near- 
Frederick,  Pa.: 

description Ann  20,  iv,  pp  89-90; 

WS  35,  p  65;  47,  p  98;  65,  p 
217;  82,  pp  135-136;  97,  p  248 

discharge,  daily WS  35,  pp  66-73; 

47,  p  99;  65,  p  217;  82,  p  136 

discharge,  monthly.  Ann  20,  iv,  pp  90-93; 

21,  iv,  p  78;  22,  iv,  pp  121- 

123;  WS  75,  p  29;  82,  p  137 

discharge,  yearly Ann  20,  iv,  p  48 

hydrographs Ann  20,  iv,  p  94; 

21,  iv,  pp  79,  80 
Spring  Mount,  Pa.: 

discharge,  daily WS  97,  p  248 

Perkiomen  Creek  basin,  Pa.: 

description Ann  21 ,  iv,  p  78 

Persimmon  Creek,  Ga.,  in— 
Toccoa  River  basin: 

discharge WS  49,  p  218 

Peryam's  ranch,  Wyo. 

Grand  Encampment  Creek  near: 

description WS  49,  p  273 

discharge WS  49,  p  273 

discharge,  monthly Ann  22,  iv,  p  310 

gage  heights WS  49,  p  273 

hydrograph Ann  22,  iv,  p  310 

rating  table WS  52,  p  516 

Peteenetre  Creek,  Utah: 

description WS  52,  p  507 

discharge WS  52,  p  507;  100,  p  224 

Petersburg,  Va. 

rainfall  data WS  75,  pp  45,  48,  50 

Peters  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  170 

Petersons  Creek  in— 
Carson  River  basin: 

discharge WS  85,  p  125 

Petit  reservoir  site  in— 

Salinas  River  basin,  Cal.: 

description Ann  22,  iv,  p  486 

Petits  Creek  near— 
Cartersville,  Ga.: 

discharge "WS  49,  p  208 

Philadelphia,  Pa. 

Delaware  River  and  tributaries  near: 

description Ann  22,  iv,  p  112 

Schuylkill  River  near: 

description Ann  20,  iv,  pp  96-97; 

WS  35,  pp  74-75;  48,  p  109; 

65,  p  219;  82,  p  141;  97,  p  247 

discharge,  daily...  WS  35,  p  75;  48,  p  109; 

65,  p  219;  82,  p  142;  97,  p  247 

discharge,  monthly Ann  20,  iv,  p  97; 

WS35,  p75;  48,  p  110; 
65,   p    219;    82,  p    142 

hydrograph Ann  20,  iv,  p  97 

Wissahickon  Creek  near: 

description Ann  20,  iv,  pp  94-95; 

WS35,  p74;  48,  p  107; 
65,    p  218;    82,  p   137 

discharge,  daily WS  35,  p  74; 

48,  pp  107-109;  65, 
p  218;    82,   p    138 

discharge,  monthly Ann  20,  iv,  p  95; 

21,  iv,  p  81;  22,  iv, 
p  121;  WS  75,  p  30 


Philadelphia,  Pa.— Continued. 

Wissahickon  Creek  near— Continued. 

discharge,  yearly Ann  20,  iv,  p  48 

hydrographs Ann  20,  iv,  p  96; 

21,  iv,  p  82;  22,  iv,  p  124 
Phillipsburg,  Kans. 

rainfall  data Ann  20,  iv,  pp  306,  310,  313 

Phoenix,  Ariz. 

Salt  River  above: 

discharge Ann  21,  iv,  p  382 

discharge,  monthly Ann  11,  ii,  p  100 

hydrograph Ann  12,  ii,  p  308 

seepage  measurements  near Ann  21,  iv, 

pp  379-383 
streams  near: 

discharge Ann  21,  iv,  pp  381,  382 

Phyllis  canal,  Idaho: 

evaporation  and  seepage  measurements 

Ann  19,  iv,  p  451 
Piciance  Creek  near— 
Whiteriver,  Colo.: 

discharge WS  50,  p  375 

discharge,  low-water. . .  Ann  22,  iv,  p  396 
Piedmont,  S.  Dak. 
Elk  Creek  near: 

description WS  99,  pp  48-49 

discharge WS  99,  pp  49,  135 

gage  heights WS  99,  p  49 

Piedmont,  W.  Va. 

North  Branch  of  Potomac  River  near: 

description WS  35,  p  84, 

48,    p    115;    65,    p    229; 
82,  pp  167-168;  97, p  322 

discharge WS  35,  p  84; 

48,  p  115;  65,  p  229; 
82,  p  168;  97,  p  322 

discharge,  monthly Ann  22,  iv,  p  132 

WS  75,  p  34;  82,  p  169;  97,  p  324 

gage  heights WS  35,  p  84 

48,  p  116;  65,  p  229; 
82,  p  168;  97,  p  323 

hydrograph Ann  22,  iv,  p  133 

rainfall  and  runoff,  relation..  Ann 20,  iv, 

pl21 

rating  tables...  Ann  19,  iv,  p  146;  WS  48, 

p  115;   52,  p511;  65,  p 

318;  82,  p  169;  97,  p  323 

Piedra  River  near— 

Arboles,  Colo.: 

description Ann  18,  iv,  pp  281-282; 

19,   iv,    p   411;   Bull   140,   p  197; 
WS  16,  p  145;  28,  p  131;  38,  p  308 

discharge Ann  18,  iv,  p  282; 

19,  iv,  p  111;  20,  iv,  p  410; 
Bull  140,  p  197;  WS  16, 
p  145;  28,  p  142;  38,  p  308 

discharge,  monthly Ann  18,  iv, 

p  283;  19,  iv,  p  413;  20,  iv,  p  402; 
21,    iv,   n  298;    Bull   140,   p  198 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140,  p  198;  WS  11, 

p  71 ;  16,  p  145;  28,  p  139;  38,  p  309 

hydrographs Ann  18,  iv,  p  283;  19,  iv, 

p  413,  20,  iv,  p  402;  21,  iv,  p  299 

rating  tables Ann  18,  iv,  p  282;  19,  iv, 

p  412;  Bull  140,  p  197; 
WS  28,  p  145;  39  p  452 
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Piegan,  Mont. 

Badger  Creek  near: 

discharge WS49,  p  269 

rainfall  data Ann  13,  iii,  p  10 

Pie  Plant  Creek,  Colo.,  in- 
Grand  River  basin: 

discharge..... WS  100,  p  94 

Pigeon  Creek,  Ga. 
near  Dawsonville: 

discharge WS  49,  p  208 

Pigeon  Creek,  N.  ('.,  in — 
Nolichucky  River  basin,: 

discharge WS49,  p  213 

Pigeon  River  in— 

Lake  Michigan  drainage  system: 

description Ann  18,  iv,  pp  170  171 

Pigeon  River  near- 
Newport,  Tenn.: 

description WS  48,  p  188;  65,  p  302; 

83,  pp  223  224;  98,  pp2J 

discharge WS  is,  p  188; 

65,  p302;  its,  p  283 

discharge,  monthly ws  'j\  p285 

heights ws  18,  p  188; 

65   p303;  98,  pp 

rating  table WS  98,  p  284 

Pigeon  River,  Big,  near- 
Bison,  Tenn.: 

discharge ws  49,  p  217 

Pigeon  River,  Little,  Easl  Fork  of; 
near  Ea&l  Fork,  Tenn.: 

discharge WS49,  p217 

near  Sevierville,  Tenn.: 

discharge WS49,  p217 

Pigeon  River,  Middle  Fori  of; 
near  Richison,  Tenn.: 

discharge ws  ti   p217 

Pigeon  Riv<  r,  w  esl  Fork  of, 
near  Sevierville,  Tenn.: 

discharge ws  19,  p217 

Pigeon  Roosl  <  ireek  in— 

Nolichucky  River  basin,  N.C.: 

discharge ws  49,  p  213 

Pikes  Peak,  Colo. 

rainfall  data Ann  13,  iii,  p  77 

Pilarcitos  and  San  Andreas  reservoir,  Cal.; 

discharge,  yearly Ann  is,  iv,  p370 

Pillager,  Mont. 

<  row  Wing  River  near: 

description ws  99,  p  n 

discharge ws  99  p  15 

Pine  Creek, Cal..  near 
Round  Valley. 

description ws  100,  p  208 

discharge ws  100,  p  209 

gage  heights ws  100,  p  209 

Pine  <  Ireek,  <  !olo.,  in  — 

Colorado  River  drainage  basin: 

discharge WS85,p77    100   p  94 

Pine  Creek,  Mont.,  near- 
Shields  Creek: 

discharge Ann  11,  ii,  p  107 

bine  Creek,  Nebr.,  near- 
Long  Pine: 

discharge Ann  20.  iv,  p  302 


Pine  Creek,  Nev.,  near- 
Palisade: 

description ws  85,  p  101;  100,  p  160 

discharge WS  85,  p  101;  100,  p  160 

gage  heights ws  85,  p  101; 

100,  pp  160-161 
Pine  Creek, Wyo.,  near- 
Fremont  Lake: 

discharge ws  100,  p  127 

bine  Creek,  Big,  in— 

French  broad  River  basin,  N.  C: 

discharge WS  49,  p  212 

Pine  creek,  Little,  in- 
French  broad  River  basin,  N.  C: 

discharge WS49,  p  212 

bine  Flat  reservoir  site,  in— 
Kings  River  basin,  Cal.: 

description Ann  22,  iv,  p  477 

Pinelog,  Ga. 

Johnson's  (.1.  A.)  spring  near: 

discharge WS  36,  p  1  17 

Lander's  |  R.  W. )  spring  near: 

discharge ws  36,  p  147 

<  »akhill  church  spring  near: 

discharge ws  36,  p  147 

bine  River,  in— 

M  ississippi  Liver  basin: 

discharge Ann  22,  iv,  p  219 

bine  River,  M  ich.,  near- 
Indian  Bridge: 

discharge,  low  water ws  83,  p  296 

Pine  River,  Utah,  near- 
Helper: 

discharge Bull  131,  p  92 

Pine  Station,  Cal., 

Little  Trni skee  River  near: 

description ws  100,  p  195 

discharge ws  100,  p  195 

discharge,  monthly ws  loo,  p  197 

gage  heights ws  100,  p  L96 

rating  table ws  100,  p  L96 

Pine  Valley  dam,  Cal.: 

description Ann  18,  iv,  pp  653-654 

Piney,  Cal. 

Arroyo  Seco  near: 

description ws  66,  p  156 

discharge ws  66,  p  156 

discharge,  monthly WS  7.r>,  p  220 

gage  heights WS66,  p  156 

rating  table WS66,  p  178 

Piney  Creek,  Colo. 
Grand  Liver  near 

discharge ws  85,  p  77 

Piney  Creek,  Wyo 

ditches  and  tributaries  from. 

discharge ws  99,  p  137 

gage  heights ws  M  p21;  99  p  78 

rating  table ws  99  p  79 

near  Kearney 

description    WS  84,  p  21;  99,  p  77 

discharge ws  84,  p21,  99,  pp  77-78, 

discharge,  monthly WS  99,  p  79 

near  Sheridan  road: 

discharge Bull  131 ,  p  90 
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Piney  Creek,  Middle,  in— 
Uinta  County,  Wyo. 

discharge Bull  131,  p  91 

Piney  Creek,  North,  in— 
Uinta  County,  Wyo. 

discharge Bull  131 ,  p  91 

Pinkerton  reservoir  site  in— 
Salinas  River  basin,  Cal.: 

description Ann  22,  iv,  p  486 

Pinnacle,  Colo. 

Oak  Creek  near: 

discharge WS  66,  p  98 

Trout  Creek  near: 

discharge WS  66,  p  98 

Pinto  Creek,  Tex. 

description WS  50,  p  315 

Piru  Creek,  Cal. 

discharge Ann  20,  iv,  p  511 ; 

WS  100,  p  345 

discharge,  low-water WS  28,  p  196; 

39,  p  432;  39,  p  434 
Piscataquis  River,  Me.: 

description Ann  19,  iv,  p  64 

near  Foxcroft: 

description WS  82,  p  23;  97,  pp  38-39 

discharge WS  82,  p  23;  97,  p  39 

discharge,  monthly. .   WS  82,  p  21;  97,  p41 

gage  heights WS  82,  p  24;  97,  p  40 

rating  tables WS  82,  p  21;  97,  p  40 

Pitkin,  Colo. 

Svvartz  Creek  near: 

discharge WS  100,  p  94 

Pitt  River,  Cal. 

discharge WS  66,  p  167;  85,  p  156 

near  Pittville,  Cal.: 

discharge WS  100,  p  305 

Pittsboro,,N.  C. 

rainfall  data WS  83,  p  55 

Pittsburg,  Pa. 

Allegheny  River  near: 

discharge,  flood WS  36,  p  159 

Pittsburg,  Tex. 

Big  Cypress  River  near:   - 

discharge WS84,p  110 

Pittville,  Cal. 

Pitt  River  near: 

discharge WS  100,  p  305 

Plaeerville,  Idaho. 

rainfall  data Ann  20,  iv,  pp  470,471,474 

Plain  Creek,  Nebr. 

discharge WS  50,  p  311 

near  Hoef's  mill: 

discharge WS  50,  p  31 1 

Plateau  Creek,  Colo.,  near- 
Col  bran: 

discharge WS  66,  p  98 

Platte  Canyon,  Colo. 

South  Platte  River  near: 

description WS  37,  p  224;  49,  p  280 

discharge WS  37,  p  224; 

49,  p  280;  99,  p  207 

discharge,  monthly Ann  21,  i v,  p  201 ; 

22,  iv,  p318 

gage  heights WS  37,  p  225; 

49,  p-281;  99,  p207 

hydrographs Ann  21,  iv,  p  201; 

22,  iv,p318 
rating  tables WS  39,  p  448;  52,  p  517 


Platte  Center,  Nebr. 
Shell  Creek  near: 

discharge..  Ann  18,  iv,  p  193;  20,  iv,  p  303 
Platte  River,  Nebr.,  near- 
Central  City- 
discharge  WS  39,  p  440 

Columbus: 

description Ann  18,  iv,  p  188; 

Bull  140,  pp  121-122;  WS  15,  p 
98;  27,  p  78;  37,  p  242;  50,  p  307; 
66,  p  39;  84,  p  57;  99,  pp  152-153 

discharge Ann  18,  iv,  p  189; 

20,  iv,  p  302;  Bull  131,  p  92;  140,  p 
122;  WS  15,  p  98;  27,  p  87;  37,  p  242; 
50,  p  308;  66,  p  39;  84,  p  58;  99,  p  153 

discharge,  daily Ann  18,  iv,  p  190 

discharge,  monthly Ann  19,  iv,  p  334; 

20,  iv,  pp  264,  295;  22,  iv,  p  329; 
WS75,pl38;  84,p59;  99,  p  154 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140.  ]  >  1 22 ; 

WS  15,  p  9H;  27,  p  85;  37,  p  243;  50,  p 
308;  60,  p39;  84,  p  58;  99,  pp  153-154 

hydrographs Ann  IS,  iv,  p  L90; 

19,  iv,  p  334;  20,  iv,  p  296;  WS  75,  p  138 

rainfall  and  run-off  relation Ann  20, 

iv,  p  266 

rating  tables Ann  18,  iv,  p  189; 

19,  iv,  p  33:',;  Bull  140,  p  122;  WS 
39,   p   449;    84,    p   59;    99,    p    154 
Fremont: 

discharge Ann  20,  iv,  p  302; 

Bull  131,  p  91;  WS  50,  p  311;  till,  p  13 
Grand  Island: 

discharge..  Ann  20,  iv,  p  302;  WS  27,  p  88 
Kearney- 
discharge..  Ann  18,  iv,  p  193;  WS81,  p  92 
Lexington: 

description WS  si,  pp'59-60;  99,  p  155 

discharge WS  84,  p  60;  99,  p  155 

discharge,  monthly."  WS  si,  p61;  99, p  157 
gage  heights  . .  WS  84,  pp  60-61;  99,  p  156 

rating  tables WS  84,  p  61;  99,  p  ir.fi 

Southbend: 

description WS  99,  pp  138-139 

discharge WS  99,  p  L39 

gage  heights WS  99,  p  139 

Platte  River  basin: 

description Ann  12,  ii,  pp  238-239; 

22,  iv,  p  306;  Bull  131,  p  28;  WS  75, 
pp  124-125;  84,  pp  50-51;  99,  pp  137-138 

irrigation  surveys Ann  13,  iii,  pp  73-91 

rainfall  and  river  stations,  map Ann  20, 

iv,  p  256 

rainfall  and  run-off  relation Ann  20, 

iv,  pp  265-266 

rainfall  data Ann  13,  iii,  pp  76-77; 

20,  iv,  pp  256-266 
Plattsburg,  N.  Y. 

Saranac  River  near: 

description WS  97,  p  355 

discharge,  daily WS  97,  p  356 

discharge,  monthly WS  97,  p  356 

Pleasant  Retreat,  Ga. 
Jennies  Creek  near: 

discharge WS  49,  p  208 

Tessantee  River  near. 

discharge WS  49,  p  208 
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Pleasant  Valley,  Ohio. 
Licking  River  near: 

description  . .  WS  83,  pp  181-182;  98,  p  229 

discharge WS  83,  p  182;  98,  p  229 

discharge,  monthly WS  98,  p  231 

gage  heights.  WS  83,  p  182;  98,  pp  229-230 

ratingtable WS  98.  p  230 

Pluckemin,  N.  J. 

North  Branch  Raritan  River  near: 

discharge WS82,  p  127 

luro  ('reek,  Nebr. 

discharge WS  39,  p  440 

near  Johnstown: 

discharge "WS  27,  p  88 

near  mouth: 

discharge Ann  20,  i  \ ,  p  31 12 

Plumtree,  N.  C. 

Plum  Tree  Creek  near: 

discharge ws  19,  p212 

Toe  River,  north,  near: 

discharge ws  49,  p  212 

Plunge  Creek,  Cal.,  in— 
San  Bernardino  Valley: 

description •..  Ann  19,  iv,  pp  613-614 

discharge Ann  19,  iv,  p  614; 

20,  iv.  p  557;  WS  85,  p  IT1.'.  LOO,  p352 

discharge,  low -water ws>.  p  19; 

39,  p  132,  135 
Plymouth,  N.  11. 

Pemigewassel  i;>\  er  near: 

description ws  '.»7.  pp  73-74 

discharge ws  97,  p  74 

gage  heights ws  '.it,  p  75 

Poague  Run  in— 

Janus  River  basin: 

discharge Ann  19,  iv,  p  it.; 

Pocatello,  Idaho. 

Portiicui  Rivei  ii'  -ii 

description ws  16,  p  164; 

28,  p  1  •>.  38,  p  350 
discharge,  ws  16,  p  164;  28,  p  168;  38,  p3  >0 

discharge,  monthly Ann20,  iv,  i>  175; 

21,  iv.  p  UK 

discharge,  yearly Ann  20,  i\ ,  p  61 

gage  heights ws  16,  p  164; 

28,  p  159;  3? 

hydrographs Ann  20,  iv,  p  176; 

21,  iv,  p  105 

rating  tables ws  _'s.  p  169;  :'.'.'.  p  153 

Pocatello  canal,  [daho: 

engineering  features..  Ann  13,  iii.  pp  422-427 

survey  of Ann  11,  ii,  pp  194  196 

Poinsett  Lake,  S.  Dak. 

description Ann  22,  iv,  pp  303-304 

elevations  along Ann  22,  iv,  p  304 

map Ann  22,  iv,  ]>  305 

water-storage  possibilities Ann  22, 

iv,  pp  304-305 
Point  of  Rocks.  Md. 

Catoctin  Creek  near: 

discharge Ann  19,  iv,  p  L52 

Potomac  River  near: 

description Ann  18,  i  v,  pp  29-30; 

19,  iv,  pl52;  Bull  131,  p  89;  L40, 
pp  54-55;  WS  15.  p  21;  27,  p  10; 
35,  pp  91-92;  48,  pp  L21-122;  65, 
p  233;  82,  p  179;  97,  pp  308-309 


Point  of  Rocks,  Md. — Continued. 
Potomac  River  near — Continued. 

discharge Ann  18,  iv,  p  30; 

Bull  140,  p  55;  WS  15,  p  21;  27,   p  24; 
35,  p  92;  48,  p  122;  65,  p  233;  97,  p  309 

discharge,  monthly Ann  is,  iv,  pp 

32-33;  19,  iv,  p  152:  20,  iv,  pp  120,  LSI; 
21,  iv,  p99;  22,  iv,  pp  137-138:  Bull  1  10, 
p  56;  WS75,  p  39;  82,  p  181;  97,  p  311 

discharge,  yearly Ann  20,  iv.  p  19 

gage  heights Bull  140,  p  56; 

WS  11,  p  10:  15,  p  21;  27,  p 
21:  35,  p  93;  48,  pp  123  121; 
65,  p234;  82,  p  180;  97,  p  310 

hydrographs Ann  18,  iv.  p  33; 

19,  iv.  p  153;  20,  iv,  p  131;  21.  iv, 
p  100:  22,  iv.  p  139;  WS  75,  p  10 

rating  tables Ann  18,  iv,  pp  31-32; 

Bull  140,  p  55;  WS  27,  p  25;  39,  p  142; 
52,  p  511:  65,  p  319;  82,  p  ISO;  97,  p  311 
Shenandoah  River  near: 

discharge,  monthly ws  75,  p  39 

Point  Peter,  Ga. 

rainfall  data Ann  20, 

iv,  pp  158,159,  L61;  WS  75,  pp  72,71 
Point  Pleasant,  Pa. 

Delaware  River  near: 

discharge Ann  19,"  iv,  p  122 

Tohickon  Creek  near: 

description WS  35,  p  64;   17,  p  81; 

65,  p  215;  82,  ]•  L38;  07.  pp  251  252 

discharge WS  65,  p  215 

discharge,  daily ws  35,  p  64; 

47,  pp81-89;  65,  p215;  82,  p  139;  97,  p  252 

discharge,  monthly Ann  20,  iv, 

pp  98-102:  21,  iv,  p83;  22,  iv,  pp 
113-116:   WS  75,  p  28;  82,  p  L39 

discharge,  yearly Ann  20,  iv,  p  48 

hydrographs Ann  20,  iv,  p  103; 

21,  iv,  pp84,  85 
Pointrock,  N.  V. 

Easl  Branch  of  Fish  Creek  above: 

description.... WS3ii,  pp  187-188 

discharge ws  17,  p  39 

discharge,  daily ws  36,  p  188 

discharge,  flood ws  65.  p  los 

disc  ha  rye,  monthly WS  35,  p  24 

Pole  Creek,  Nebr.,  near— 
Longpine: 

discharge Ann  20,  iv,  p  302 

Pole  Creek,  Utah: 

discharge ws  100,  p  127 

Pole  Creek.  WyO. 

below  Half  Moon  Lake: 

discharge WS  100,  p  127 

Pollasky,  Cal. 

San  Joaquin  River,  near: 

discharge,  low-water Ann  22,  iv, 

p  496,  497;  WS  51,  p  481;  66,  p  167 
Pollution  of  water  in  Potomac  and  Shenan- 
doah River  basins Ann  19,  iv, 

pp  15.5-161 
Poison,  Mont. 

Flathead  Lake  near: 

description WS5l,P438;  66,  p  132 

gage  heights WS  51,  p  438;  66,  p  132 
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Pojoaque  River,  N.  Mex.: 

discharge Ann  11,  ii,  p  107 

Pokegama  Falls: 

Mississippi  River  above: 

discharge Ann  22,  iv,  p  219 

Pomer  Creek,  Va.,  in — 

South  Fork  Holston  River  basin: 

discharge WS  49,  p  214 

Pompton,  N.  J. 

Pequannock  River  near: 

discharge WS  82,  p  127 

Wenaque  River  near: 

discharge WS  82,  p  127;  97,  p  231 

Pompton  Plains,  N.  J. 

Pompton  River  near.    See  Pompton  River. 
Pompton  River  near— 
Pompton  Plains,  N.  J.: 

description WS  97,  p  226 

discharge WS  82,  p  127 

discharge,  monthly WS  97,  p  228 

gage  heights WS  97,  p  227 

rating  tables WS  97,  pp  226-227,  228 

Two  Bridges,  N.  J.: 

description WS  65,  p  211; 

82,  p  123;  97,  p  224 

discharge WS  65,  p  211; 

82,  p  124;  97,  p  225 
discharge,  monthly.  WS 75,  p  26;  82,  p  125 

gage  heights WS  65,  p  212; 

82,  p  124;  97,  p  225 

rating  table WS  65,  p  318. 

Pool,  Colo. 

Trout  Creek  near: 

discharge WS  100,  p  103 

Pools  (The)  reservoir  site  in— 
Salinas  River  basin,  Cal.: 

description Ann  22,  iv,  p  486 

Popo  Agie,  Big— 

below  Lander,  Wyo.: 

discharge Bull  131,  p  91 

Popo  Agie  (Little)  River  in— 
Bighorn  basin: 

discharge. .  Ann  13,  iii,  p  70;  Bull  131,  p  91 
Popo  Agie  River,  Middle  Fork,  near- 
Lander,  Wyo.: 

discharge Ann  13,  iii,  p  70 

Popo  Agie  River,  North  Fork,  near — 
Lander,  Wyo.: 

discharge Ann  13,  iii,  p  70 

Porridge  Run  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  170 

Port  Angeles,  Wash. 
Morse  River  near: 

discharge WS  51,  p  450;  66,  p  142 

rainfall  data Ann  19,  iv,  p  508 

Port  Chester,  N.  Y. 

West  Branch  of  Byram  River  near: 

description WS  97,  p  120 

discharge,  daily WS  97,  p  121 

Port  Crescent,  Wash. 

rainfall  data Ann  19,  iv,  p  508 

Porter,  Dwight,  paper  by,  on  water-power 

streams  of  Maine Ann  19,  iv, 

pp  34-111 
Porters  ditch  near— 
Haigler,  Nebr.: 

discharge Ann  18,  iv,  p  195 


Porters  Mills,  Ga. 
*     Hazel  Creek  near: 

discharge.' WS  36,  p  141 

Soquee  River  near: 

discharge WS  36,  p  141;  49,  p  208 

Porte rville,  Cal. 

Tule  River  near: 

description Ann  12,  ii,  pp  319-320; 

WS  66,  p  157;  85,  pp 
151-152;    100,   p    299 

discharge WS  66,  pp  157,  167; 

85,  pp  152, 162;  100,  p  299 

discharge,  monthly WS  75,  p  218; 

85,  p  153;  100,  p  301 

discharge,  yearly Bull  140,  pp  311,  312 

gage  heights WS  66,  p  158; 

85,  p  152;  100,  p  300 

hydrograph Ann  12.  ii,  p  319 

rating  tables WS  66,  p  178; 

85,  p  153;  100,  p  301 
Port  Jervis,  N.  Y. 

Delaware  River  near: 

description WS  82,  pp  130-131 

discharge WS  82,  p  131 

Neversink  River  near: 

description WS  82,  p  131;  97,  p  257 

discharge WS  82,  p  132;  97,  p  258 

discharge,  daily WS  97,  pp  259-260 

discharge,  monthly WS  97,  p  261 

gage  heights WS  82,  p  132 

rating  table WS  97,  p  258 

Portneuf  River  near— 
McCammon,  Idaho: 

description Ann  18,  iv,  pp  333-334 

discharge Ann  18,  iv,  p  334 

discharge,  monthly Ann  18,  iv,  p  334 

gage  heights WS  11,  p  79 

rating  table Ann  18,  iv,  p  334 

Pocatello,  Idaho: 

description WS  16,  p  164; 

28,  p  155;  38,  p  350 

discharge WS  16,  p  164; 

28,  p  168;  38,  p  350 

discharge,  monthly Ann  20,  iv,  p  475; 

21,  iv,  p  404 

discharge,  yearly Ann  20,  iv,  p  61 

gage  heights WS  16,  p  164; 

28,  p  159;  38,  p  351 

hydrographs  [Shenandoah] ..  Ann  20,  iv, 

p  476;  21,  iv,  p  405 

rating  tables WS  28,  p  169;  39,  p  453 

Port  Republic,  Va. 

North  [Shenandoah]  River  near: 

description Ann  18,  iv,  p  25; 

Bull  140,  p  50;  WS  15,  p  17; 
27,  p  10;  35,  pp  86-87;  48,  p  118 

discharge Ann  18,  iv,  p  26; 

19,  iv,  p  138;  Bull  140,  p 
51;  WS15,  pl7;  35,  p  87 

discharge,  monthly Ann  20, 

iv,  pp  121,  123-124 

discharge,  yearly Ann  20,  iv,  p  49 

gage  heights Bull  140,  p  51; 

WSll,p9;15,  pl8; 
27,   p   19;    35,  p  87 

hydrograph Ann  20,  iv,  p  124 

rainfall  and  run-off  relation Ann  20, 

iv,  p  121 
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Port  Republic,  Va.— Continued. 

North  [Shenandoah]  River  near— Continued. 

rating  tables WS  27,  1 1  25 

South  [Shenandoah]  River  near: 

description Ann  18,  iv,  p  25; 

Bull  140,  p50;  WS15,  p  17; 

27,  p  10;  35,  p  87;  48,  p  118 

discharge..  Ann  18,  iv,  p  26;  19,  iv,  p  138; 

Bull  140,  p  51;  WS  15,  p  17;  35,  p  87 

discharge,  monthly : .  Ann  20,  iv, 

pp  125  126 

discharge,  yearly Ann  20,  iv,  ]>  49 

gage  heights Bull  140,  p  52; 

WS  11,  p  9;  15,  p  IS;  27,  p  20;  35,  p  88 

hydrograph Ann  20,  iv,  p  126 

rainfall  and  run-off  relation Ann  20, 

iv,  p  L21 

rating  tables WS  '27,  p  25 

Port  Townsend,  Wash. 

rainfall  data Ann  19,  iv.  p  508 

POSO  Creek,  Cal.,  in— 

San  Joaquin  River  basin: 

description Bull  140,  pp  27 1-276 

discharge Ann  22,  iv.  p  136 

discharge,  low  water WS  :i'j.  p  133 

discharge,  yearly Bull  140,  pp  311,312 

Potomac  River: 

near  Chain  Bridge,  D.  C: 

description.. Ann  14,  ii,pp  134-135;  18,  iv, 
p35;  Bull  131,  p89;  1  in,  pp  56  60,  61 

discharge Bull  181,  p  91:  140,  p61 

discharge,  Hood Ann  11,  ii,  p  137 

discharge,  monthly Ann  1  I.  ii.  p  137 

discharge,  yearly Ann 20,  iv.  p  19 

gage  heights Bull  140,  p  tin 

near  <  lumberland,  Md.: 

description Ann  18,  iv,  p  22;  Bull  131, 

p  88;  1  m.  pp  15-46;  ws  15,  p  15 

discharge Ann  18,  iv.  p  22;  Bull  131, 

pp  9i.  91;  1  in.  p  16;  WS  1."..  p  1.". 

discharge,  monthly..  Annl8,iv,  pp23  24; 

Bull  1  In,  p  47 

gage  heights Bull  131,  p  88; 

140,  |-47;  WS  11,  p  s.    |.,.  p  15 

hydrograph  Ann  18,  iv,  p  24 

rating  tables Ann  IS,  i\ ,  p  23; 

Bull  140.  p  46 
near  Dam  No.  6,  Md.: 

discharge Bull  1  in,  p  18 

description Bull  140,  pp  47-48 

gage  heights Bull  140,  p  48 

near  Great  Cacapon,  Md.; 

discharge,  yearly Ann  20,  iv,  p  49 

near  Great  Falls,  Md.: 

discharge,  monthly..  Ann  14,  ii,  pp  135-136 

discharge,  yearly Ann  20,  iv.  p  49 

sediment  in Ann  14,  ii,  pp  139-140; 

Bull  140,  pp  59-60 
near  Harpers  Ferry,  W.  Va  ; 

discharge.,    Bull  131,  p  91 

near  Point  of  Rocks,  Md.. 

description Ann  18,  iv,  pp  29-30; 

19,  iv,  p  152;  Bull  131,  p  89;  140, 
pp  54-55,  WS  15,  p21;  27,  p  10;  35, 
pp  91-92;  48,  pp  121-122  65,  p 
233;    82,  p  179;    97,   pp  308-309 


Potomac  River — Continued. 

near  Point  of  Rocks,  Md.— Continued. 

discharge Ann  18,  iv,' 

p  30;  Bull  140,  p  55;  WS  15, 
p  21;  27,  p  24;  35,  p  92;  48, 
P  122;  65,   p   233;  97,   p  309 

discharge,  monthly Ann  18,  iv, 

pp  32-33;  19,  iv,  p  152;  20,  iv, 
ppl20, 131;21,iv,p99;  22.  iv, 
pp  137-138;  Bull  140,  p  56: 
WS  75,  p39;  82,  p  181;  97  p  311 

discharge,  yearly Ann  20,  iv,  p  49 

gage  heights Bull  140,  p  56; 

WS  11,  p  10;  15,  p  21;  27,  p 
21;  ::5,  p  93;  48,  pp  123-124; 
65,  p  234;  82,  p  180;  97,  p  310 

hydrographs Ann  18,  iv,  p  33; 

19,  iv,  p  153;  20,  iv,  p  131;  21,  iv, 
P  inn;  22,  iv,  p  139;  WS  75,  p  40 

rating  tables Ann  is,  iv, 

pp  31-32;  Bull  140,  p  55;  WS 
27,  p  25;  39.  p  412;  52,  p  511; 
65,  p319;  82,  p  180;  97,  p  311 
near  Washington,  D.  ('.: 

discharge,  monthly Ann  20,  iv,  p  120 

tributaries  of: 

description ws  75,  pp  33-34 

description,  discharge,  water  pow- 
ers, and  pollution Ann  19,  iv, 

pp  132-161 
water  power  of: 

description Ann  21,  iv,  pp  100-106 

Potomac  River  basin: 

description Ann  19,  iv,  pp  132-133; 

21,  iv,  p  99;  22,  iv,  p  131; 
Bull  131,  p  87;  140,  p  41-43; 
WS  82,  p  167;  97,    p  305 

drainage  areas Ann  IS,  iv,  pp  18-19; 

Bull  140.  p  13 

map Ann  19,  iv,  p  133 

rainfall  and  river  stations,  map Ann  20, 

iv,  p  lis 

rainfall  and  run-off  relation Ann  11,  ii, 

PP  13S-139;  20,  iv,  p  121 

rainfall  data Ann  20,  iv,  pp  117-121 

Potomac  River,  North  Branch 

description Ann  19,  iv,  pp  140-141 

discharge Ann  19,  iv,  p  134 

near  Cumberland,  Md.: 

discharge ws  27,  p  24 

discharge,  monthly Ann  19,  iv,  p  147; 

20,  iv,  p  120 

discharge,  yearly Ann  20,  iv,  p  49 

hydrograph Ann  19,  iv,  p  147 

rating  table Ann  19,  iv,  p  146 

near  Gormania,  W.  Va.: 

discharge Ann  19,  iv,  p  141 

near  Piedmont,  W.  Va.: 

description WS  35,  p84; 

48,  p  115;  65,  p  229;  82, 
pp  167-168;    97,   p  322 

discharge WS  35,  p  84;  48,  p  115;  65, 

p  229;  82,  pp  168-169;  97,  p  322 

discharge,  monthly Ann  22,  iv,  p  132; 

WS  75,  p  34;  82,  p  169;  97,  p  324 
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Potomac  River,  North  Branch — Continued. 
near  Piedmont,  W.  Va.— Continued. 

gage  heights WS  35,  p  84;  48,  p  116; 

65,  p  229;  82,  p  168;  97,  p  323 

hydrograph Ann  22,  iv,  p  133 

rating  tables. . .  Ann  19,  iv,  p  146;  WS  48, 
p  115;  52,  p  511;  65,  p 
318;  82,  p  169:  97,  p  323 

rainfall  and  run-off  relation Ann  20, 

iv,  p 121 
near  Savage  River: 

discharge Ann  19,  iv,  p  141 

near  Schell,  W.  Va.: 

discharge Ann  19,  iv,  p  141 

water  powers  and  pollutions Ann  19, 

iv,  p  141-146 
Potomac  River,  South  Branch: 

description Ann  19,  iv,  pp  134-135 

near  Springfield,  W.  Va.: 

description Ann  18,  iv,  pp  19-20;  Bull 

131,  p88;  140,  pp  43-44;  WS 

35,  p  85;  48,  p  116;  65,  p  229; 

82,    p    170;   97,    pp    320-321 

discharge..  Ann  18,  iv,  p  20;  19,  iv,  p  131; 

Bull  140,  p  44;  W3  35,  p  85;  48,  p 

116;  65,  p  229;  82,  p  170;  97,  p  321 

discharge,  monthly Ann  18,  iv,  p21; 

21),  iv,  p  120;  Bull  140, 
p  45;  WS  75,  pp  34-35 

gage  heights Bulll31,p88;  140, 

p  45;   WS  35,  p  85;   48, 
pll7;  65,  p  230;  97,  p  321 

rating  table Ann  18,  iv,  p  21; 

Bull  140,  p44;  WS65,  p  318 

water  powers ., Ann  19,  iv,  pp  134-135 

Pottersville,  N.  J. 

Lamington  River  near: 

discharge WS  82,  p  127 

Powder  Mills,  Utah 
Ogden  River  near: 

discharge, monthly Ann  11,  ii,  p  103; 

12,  ii,  pp  353,  360:  13,  iii,  p  96 

discharge,  yearly Ann  13,  iii,  p  99 

Powder  River,  Wyo.: 

discharge Bull  131,  p  90 

Powder  River,  Oreg.,  near- 
Baker  City: 

description WS  100,  pp  430-431 

discharge WS  100,  p  431 

gage  heights WS  100,  p  431 

Powder  River  basin: 

irrigation  surveys Ann  13,  iii,  pp  71-72 

Powell,  J.  W.,  paper  by,  on— 

The  arid   lands:  Statement  before  the 
Committee  on    Irrigation  of   the 

House  of  Representatives Ann  11, 

ii,  PP  203-289 
Powells,  Ohio. 

Jonathan  Creek  near: 

description WS  83,  p  181;  98  p  228 

discharge WSM,  p  181;  98,  p  228 

gage  heights W3  83,  p  181;  98,  p  228 

Prairie  Creek,  Nebr.: 

discharge WS  66,  p  43 


Prairie  I>oy  ditch  near — 
Story,  Wyo.: 

description WS  99,  pp  80-81 

discharge WS  99,  p  81 

gage  heights WS  99,  p  81 

Prairie  Lea,  Tex. 

San  Marcos  River  near: 

discharge WS  84,  p  157 

Prather  Creek  near— 
Scottville,  N.  C: 

discharge WS  49,  p  210 

Prattsville,  N.  Y. 

Schoharie  Creek  near: 

description.  WS82,pp  95-96;  97,pp  191-192 

discharge WS  82,  p  96;  97,  p  192 

gage  heights..  WS82,  p  96;  97,  pp  193-194 
Precept,  Nebr. 

rainfall  data Ann  20,  iv,  pp  306,  307,  313 

Precipitation.     See  Rainfall. 
Precipitation,  evaporation,  absorption,  etc., 

in  Little  Bear  Valley,  Cal..  Ann  19,  iv, 
pp    623-625 
Presidio,  Tex. 

Rio  Grande  above  and  below: 

description WS  50,  p  355;  66,  pp  72,71; 

84,  pp  175, 177;  99,  p  368;  99,  p  373 

discharge.  WS  50,  pp  355-356;  66,  pp  72-74; 

84,  pp  175-176,  17S;  99,  p  369-375 

discharge,  monthly..  Ann  22,  iv,  pp  354- 

355;  WS  75,  pp  157-158;  84, 

pp  177,  179;  99,  pp  373,  376 

gage  heights.  WS  50,  pp  355-356;  66,  pp  73, 

75;  84,  pp  176-178;  99,  pp  372,  375-376 

hydrograph W3  75,  p  159 

Presto,  Idaho. 

Blackfoot  River  neai  — 

description WS  100,  p  447 

discharge ws  100,  p  447 

gage  heights WS  100,  p  448 

Preston,  Idaho. 

Bear  River  near: 

description WS  100,  pp  133-134 

discharge : . . . .  WS  100,  p  134 

gage  heights WS  100,  p  134 

Presumpscot  River. 

description Ann  19,  iv,  pp  97-98 

near  Sebago  Lake  outlet,  Me.: 

description WS  65,  p21;  97,  p  67 

d ischarge,  daily WS  65,  1 1  22 . 

82,  p  45;  97,  p  68 
discharge,  monthly. .  WS  75,  p  22;  82,  p  46 

discharge,  yearly Ann  20,  iv,  p  46 

profile Ann  19,  iv,p  98 

water  powers Ann  19,  iv,  pp  98-99; 

WS  69,  pp  91-104 
Presumpscot  River  basin. 

description W382,pp  11-15;  97, pp  66-67 

map Ann  19,  iv, p  84 

Price  Creek  near — 
Burnsville,  N.  C: 

discharge WS  49,  p  214 

Price  meters,  rating  tables  for Bull  140,  p  340 

Trice  River  near- 
Helper,  Utah; 

description....  Bull  131,  pp 48-49;  140,p203 
discharge Bull  131,  p  49;  140,  p  203 
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Price  Road  bridge,  Utah. 
Duchesne  River  near: 

description....  WS 37, pp 291-292;  50,p373; 
66,  p  88;  85,  p  55;  100,  p  106 

discharge Ann  21,  iv,  pp  322, 323; 

WS  37,  p  292;   50,  p  374; 
66,  p  89;  85,  p  56;  100,  p  107 

discharge,  monthly Ann  22,  iv,  p  385; 

WS  75,  p  167;  85,  p  58;  100,  p  109 

gage  heights WS  37,  p  292;  50,  p  ;'.7  J; 

66,  p89;  85,  p  57;  100,  p  108 

hydrograph Ann  22,  iv,  p  385 

rating  tables WS  52,  p  519;  66, 

p  17  J;  85,p57;  100,  p  108 
See  also  My  ton,  Utah: 
Prickly  Tear  Valley 

irrigation  surveys Ann  13,  iii,  pp  54-55 

Priest  River,  Idaho 

Pend  ( ireille  River  near: 

description ws  100,  pp  399-400 

discharge ws  100,  p  100 

gage  heights ws  loo.  pp  400-401 

Priesl  River  near: 

description ws  100,  p  401 

discharge WS  Km.  p  102 

gage  heights ws  100,  p  102 

Priesi  Valley,  Cal. 

rainfall  data ws  66,  pp  168,169 

Prineville,  oreg. 

Crooked  River  near: 

discharge Ann  19,  iv,  pp  496,  198 

Proctors  Creek,  Ga.,  near — 
mouth: 

discharge Ann  19,  iv,  p  240 

Oakdale,  Ga.; 

discharge ws  27,  p  15 

Profiles: 

Big  Sandy  Creek,  Ala Ann  22,  iv,  p  208 

Coosawattee  River,  Ga Ann  22,  iv,  p  195 

Flint  River,  Ga Ann  22,  iv,  pp  186,  187 

Hetch  iieiciiv  Valley  dam  site Ann  21. 

iv.  p  152 
James  Ri\ er  From  Richmond  to  Clifton 

Forge,  Va Ann  19,  iv,  p  162 

Jordan  River  from  Utah    Lake   t<>  Salt 

Lake  City Ann  21,  iv.  p  102 

Ocmulgee River, Ga...  Ann  22,  iv,  pp.  168,  169 

Presumpscol  River,  Me Ann  19,  iv,  p  98 

St.  Croix  River,  Me Ann  19.  iv,  p  19 

Spokane  River,  Wash Ann  20,  iv,  p  510 

Tallapoosa  River Ann  22,  iv,  p202 

St,  also    WS   It  and    115,  and  elevations  and 
slop.'  under  river  names. 

Pro ntory.  Utah. 

rainfall  data Ann  20,  iv,  pp  154, 

156,  458;  22.  iv,  pp  31,  32,  33 
Prospect.  Idaho. 

Willow  Creek  near: 

description WS  100,  p  44« 

discharge ws  100,  p  449 

gage  heights WS  100,  p  449 

Prosser,  Cal. 

Little  Truckee  River  near: 

discharge Ann  11,  ii,  p  108 

Prosser  Creek  near: 

discharge -     WS51,  p  405 


Prosser  Creek  near- 
Boca,  Cal.: 

description  . .  WS  85,  p  122;  100,  p  199-200 

discharge WS  85,  p  122 

discharge,  monthly Ann  11, 

ii,  plOl;  13,  iii,  p  95 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights WS  85,  p  122:  100,  p  200 

hydrograph Ann  12,  ii,  p  324 

Hobart  Mills,  Cal.: 

description WS  KH),  pp  200-201 

discharge WS  100,  p  201 

gage  heights ws  100,  p  201 

Prosser,  Cal.: 

discharge WS  51,  p  405 

Provo,  Utah. 

Provo  River  near.    See  Provo  River. 

rainfall  data Ann  20,  iv,  pp  454,  457,  458 

Provo  River.  Utah: 
near  Provo: 

•description Ann  14,  ii,  p  123: 

18,  iv,  pp  325-326;  Bull  131, 
p  59;  140,  p  234;  WS  16,  p 
162;  28,  p  146;  38,  pp  338-339; 
51,  p  116;  66,  p  123;  85,  p 
88;  100,  pp  IKCUl,   112-143 

discharge Ann  18,  iv,  p  326; 

Bull  131,  p  92;  140,  p  234;  WS 
16,  p  162;  28,  p  153;  38,  p 
339;  51,  p  116;  LOO,  p  141;  66, 
p  123;    85,    p  88;  lot),    p   143 

discharge,  monthly Ann  11,  ii,  p  104; 

12,  ii,  pp  354,  361;  13,  iii,  p  07; 
14,  ii,  pp  123-121;  18,  iv,  p  327; 
19,  iv,  ]>  112;  20,  iv.  pp  458, 
468;  21,  iv,  p  399;  22,  iv, 
p  116;  Bull  110,  p  235;  WS 
75,    p    195;     100,     pp     112,    141 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  61 

gage  heights Bull  131,  p  60; 

lln.  p  234;  WS  11.  p  70;  16,  p 
162;  28,  |'  L52;  38,  p  339:  51,  p 
417;  66,  p  124;  100,  p  141,  1  13   111 

hydrographs Ann  12,ii,p310; 

14,  ii,  p  125.  is,  iv,  p  328;  10,  iv,  p  442; 
20,iv,p  168;  21,iv,p399;  22,iv,p417 

rainfall  and  ron-olY  relation Ann  20, 

iv,p459 

rating  tables Ann  I8,iv,p326; 

19,  iv,  p  111;  Bull  131,  p59,  140, 
p234;  WS2S,  p  151,  30,  p  456;  52, 
p  521;  66,  p  176.  100,  pp  142,  114 

water  powers Ann  19,  iv,  p  441 

Provo  River  basin: 

description Ann  22,  iv,  p  416 

Provo  River  canals- 
data  regarding ws  52,  pp  500-502 

duty  of  water WS  52,  p  503 

seepage  data WS  52,  pp  500-501 

Prowers,  Colo. 

Arkansas  River  near: 

description WS  50,  p  328; 

66,  p  53;  99,  p  276 

discharge WS  50,  p  328; 

66,  p  53;  99,  p  277 
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Prowers,  Colo.— Continued. 

Arkansas  River  near— Continued. 

discharge,  monthly WS  75,  p  147; 

99,  p  278 

gage  heights WS  50,  p  328; 

66,  p  53;  99,  p  277 
rating  table WS  99,  p  278 

Colorado  and  Kansas  canal  near: 

discharge WS  99,  p  279 

discharge,  monthly WS  99,  p  280 

gage  heights WS  99,  pp  279-280 

rating  table WS  99,  p  280 

Keese  ditch  near: 

discharge WS  99,  p  281 

discharge,  monthly WS  99,  p  282 

gage  heights WS  99,  p  281 

rating  table WS  99,  p  281 

Mud  Creek  near: 

discharge WS  99,  pp  308-309 

Public  lands: 

entry  and  settlement Ann  22,  iv,  pp  37-40 

location  of,  map Ann  22,  iv,  p  38 

paper  on  their  water  supply,  by  F.  H. 
Newell Ann  16,  ii,  pp  163-532 

vacant,  map Ann  21,  iv,  p  26 

I'll. 'bin,  ColO. 

Arkansas  River  near: 

description Ann  11,  ii,  p  49; 

18,  iv,  pp  2"27-228;  Bull  1 .10,  p  158; 
WS  16,  p  120;  28,  pp  107-108;  37, 
pp  259-260,  50,  p  325;  66,  pp  49-50; 
81,    pp    130-131;    99,    pp    293-291 

discharge Ann  18,  iv,  p  228; 

Bull  131,  p  90;  140,  p  158;  WS 
16,  p  120:  28,  p  116;  37,  p  260;  50, 
p  325;  66,  p  50;  81,  p  131;  99,  p295 

discharge,  monthly Ann  11,  ii, 

pp  49,  98;  12,  ii,  p  360,  13,  iii,  p  94; 
18,  iv,  p  230,  19,  iv,  p  357;  20,  iv,  pp 
329,  336;  21,  iv,  p  232;  22,  iv,  p  342; 
WS  75,  p  146;  84,  p  133;  99,  p  296 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  56 

gage  heights Bull  140,  p  159; 

WS  11,  p  61;  16,  p  120,  28,  p 
111;  37,  p  260;  50,  p  326;  66,  p 
50;  84,  p  132;   99,  pp  295-296 

hydrographs Ann  is,  iv,  p  231; 

19,  iv,  p357;  20,  iv,  p  337;  21,  iv, 
p  232;  2-2,  iv,  p  342;  WS  75,  p  146 

rainfall  and  run-off  relation Ann  20, 

iv,  p  330 

rating  tables Ann  IS,  iv,  p  229; 

19,  iv,  p  356;  WS  28,  p  117;  39,  p  450; 
52,  p  51S;  06,  p  172;  81,  p  132;  99,  p  296 

rainfall  data Ann  20,  iv,  pp  326,  327,  330 

Pueblo  Creek  near— 
Taos,  N.  Mex.: 

discharge Ann  11,  ii,  p  107 

Puerco  River,  N.  Mex. 

description Ann  12,  ii,  pp  275-'. 7/ 

Puget  Sound  drainage  basin: 

description.  WS  85,  pp  210-217,  100,  pp  461-462 
Pulaski,  N.  Y. 

Salmon  River  near: 

description WS  49, 

p  234;  65,  p  105;  82,  pp  64,  65;  97,  p  373 


Pulaski,  N.  Y.— Continued. 

Salmon  River  near— Continued. 

discharge WS  47,  p  39;  49  p  23 1 ; 

65,  p  106;  82,  p  64;  97,  p  374 

discharge,  daily WS  65,  pp  106-107; 

82,  p65;  97,  p  377 

discharge,  monthly WS  »i5,  p  L07; 

82,  p  65;  97,  p  377 

gage  heights WS  49,  p  234:  97,  p  375 

rating  table WS  97,  p  376 

Pumping  plants  in  Southern  California: 

discharge,  low- water WS51,  p  487 

Pumpkin  Creek,  near— 
Tickanetley,  (Ja.: 

discharge WS  49,  p  209 

Pumpkinseed  Creek,  Nebr. 

description Ann  19,  iv,  pp  769-770 

near  Carey's  ranch: 

discharge Ann  18,  iv,  pp  193,  206; 

Bull  131,  p91;  140,  p  101 
Pumpkinseed  Valley,  Nebr.: 

irrigation  in Ann  19,  iv,  p  771 

Pumpkin  Vine  Creek- 
near  Cartersville,  Ga.: 

discharge WS  49,  p  208 

Purgatory  River,  Colo.: 

description Ann  20,  iv,  pp  340-342 

near  J.  J.  ranch: 

description WS  28,  p  10S 

discharge WS  28,  p  116 

gage  heights WS  28.  p  113 

near  Las  Animas: 

discharge WS  91',  p  309 

discharge,  monthly Ann  11,  ii,  p  98 

near  Trinidad: 

description Ann  18,  iv,  pp  231-232; 

WS  16,  p  123;  28,  p  108;  37,  p  263 

discharge Ann  18,  iv,  p  232; 

WS  16,  p  123;  28,  p  116;  37,  p  263 

discharge,  monthly Ann  19,  iv.  p  359; 

20,  iv,  pp  329,  341;  21,  iv,  p  235 

discharge  yearly Ann  20,  iv,  p  57 

gage  heights WS  11   p  61; 

16,  p  123.  28,  p  113;  37,  p  263 

hydrograph Ann  19,  iv,  p  360; 

21),  iv,  p  311;  21,  iv,  \<  236 

rainfall  and  run-off  relation Ann  20, 

iv,  p  330, 

rating  tables Ann  19,  iv,  p  35s 

WS2S,  p  117;  39,  p  150 
Pursley  Run  in — 

Potomac  River  basin: 

discharge Ann  19,  iv,  p  14S 

Putah  Creek,  Cal. 

discharge,  low-water Ann  22,  iv, 

p495;  WS51,  p  180 
Puzzle  Creek  in— 

Rroad  River  basin,  N.  C: 

discharge WS  49,  p  206 

Pysht,  Wash. 

rainfall  data Ann  l!»,  iv,  p  508 

Pysht  River,  Wash. 
above  mouth: 

discharge WS  51,  p  450 

Pysht  River,  East  and  West  Forks— 
at  the  forks,  Wash.: 

discharge WSdC  p  112 
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Quackenkill  Creek  near— 
Quackenkill,  N.  Y.: 

description WS  82,  p  104 

discharge,  daily WS  82,  p  105 

discharge,  monthly WS  82f  p  106 

Queen  dfeek,  Ariz. 

description Ann  21,  iv.  pp  384-385 

near  Whitlow's  ranch,  Ariz.: 

description Ann  18,  iv,  pp  292-293; 

19,  iv,  p  417;  WS  28,  p  232;  38,  p  320 

discharge Ann  1\  jv, 

pp  293-294;  19,  iv.  pp  417- 

418;  WS  28,  p  L32;  38,  p  320 

discharge,  monthly  ... .  Ann  18,  iv,  p  295; 

21,  iv.  p  384 

discharge  yearly Ann  21,  iv,  p  385 

hydrograph Ann  18,  iv,  p295 

\\  hitluu  reservoir  site  on: 

description Ann  IS,  iv,  pp  295  297 

map Ann  18,  iv,  p  291 

Queen  Creek  reservoir: 

area  and  capacity Ann  18,  iv,  p  296 

description Ann  1\  iv,  pp  720-721 

Quillayute,  Wash. 

Sol. "(luck  River  near: 

description WS  16,  p  184;  28,  p  171; 

'  38,  pp  386  387;  51,  p  II1.*:  66,  p  1  II 

discharge ws  in,  p  184; 

28,  i'  176;  38,  p  387; 
51,  p449;  66,  p  Ml 

discharge,  monthly Ann  2d.  iv. 

P  523;  21.  iv.  p  143;  22, 
iv,  i-  Hip  ws  75,  p  209 

discharge,  yearly Ann  20,  i\.  p  63 

gage  heights WS  16,  i-  I84j 

2-.  p  17:.;  38,  p387; 
51,  p  150;  66,  p   I  12 

hydrographs Ann  20,  iv, 

p  523;  21,  iv.  p  143 

rating  tables WS2>.  p  176; 

39,  p  1  5;  52,  p  523;  66,  p  177 
Quinnesec   Falls,  Lower,     Set    Lowei   Quinnesec 
Falls 

II. 

Racoon  |;i\  ei  near— 
Des  Moines,  Iowa: 

1 1  .script  ion WS  99,  p  33 

discharge WS  99,  p  33 

heights WS99,p34 

Radersburg,  Mont. 
Crow  Creek  near: 

description ws  66,  p  21 

discharge WS  49,  p  266; 

66,  p  21;  84,  p  50;  99,  p  136 

gage  heights WS  66,  p  22 

Radford,  Va. 

New  River  near: 

description WS27,  p59; 

36,  pp  161-162;  48,  p  178;  65,  p  293; 
83,   pp    190-191;    98,  pp  250-251 

discharge WS  27,  p  65; 

36,  p  162;   48,  p  178;  65, 

p  293;  83,  p  191;  98,  p  251 

discharge,  monthly WS  75,  pp  101-102 


Radford,  Va. 

New  River,  near: 

gage  heights ws  27,  p  61; 

36,  pl62;  48,  p  178;    65, 
p294;  83,  pl91;  98,  p251 

rating  tables WS  52,  p  514;  65,  p  323 

Rainfall: 

increase  of,  with  altitude Bull  140, 

pp327-;;:50;  WS7A,  p  225 
in  the  far  West: 

discussion Ann  22,  iv,  pp  30-37 

variations  in Ann  18,  iii,  j>p  25-28 

Rainfall  and  run-off: 

relation  between Ann  11,  ii,  pp  27-30; 

12,  ii,  pp  230-231 

discussion  of.. Ann  14,  ii,  pp  149-154 

Rainfall  data: 

for  stations,  set  river  and  station  names. 

methods  of  collecting Ann  1L,  ii,  pp  23-30 

Rainfall  stations  of  southern  Arizona: 

map  ami  list Ann  21,  iv,  p  334 

Rainy  River  near— 
<  Mioua)  ,  Mich.: 

discharge,  low-water WSM,  p  297 

Railings  Run  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  170 

Ramapo  Rn  er  near— 
Mahwah,  N.J.: 

description WS  97.  p  229 

discharge ws  n2,  p  127,97,  p  229 

gage  heights ws  97,  p  230 

Ramsey,  <ia. 

rainfall  data Ann  20,  iv,  pp  177,  179,  181 

Rock  <  'reek  near. 

discharge ws  19,  p209 

Sugar  <  'icek  near: 

discharge ws  49,  p  2119 

Ranch.  1  la  <  !reek,  Cal.,  in— 

11.  1.  h  Hetchy  Valley: 

description Bull  140,  pp  262  264 

discharge ws  100,  p  :;m> 

Randa,  Ga. 

Montgomery  ('reek  near. 

discharge ws  49,  p  208 

Randolph,  Va. 

stauntou  Ri\  er  neai . 

description ws  4*.  p  133; 

65,  p  239;  83,  pp  21-22.  98,  p  21 

discharge ws  48,  p  133;  65,  p  239; 

83,  p  22,  98,  p  22 

discharge,  monthly WS  7">,  p  52; 

83,  p  23;  98,  p  24 

gage  heights WS  48,  p  134; 

65,  p  240;  83,  p  22;  98,  p  22 

rating  tables WS  65,  p  319; 

83,  p23;  98,  p  2)5 
Rangeley,  Colo. 

White  River  near: 

discharge,  low-water...  Ann  22,  iv,  p  396 
Rangeley-Umbagog  lakes,  Me.: 

description Ann  19,  iv,  pp  86-87 

Ranger,  N.  C. 

Nottely  River  near: 

description WS  65,  p  307; 

83,  p  212;  98,  pp  265-266 
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Ranger,  N.  C— Continued. 

Nottely  River  near— Continued; 

discharge ws  49,  p  217; 

65,  p307;  83,  p  212;  98,  p266 

discharge,  monthly WS  75,  pl06; 

83,  p  214;  98,  p  267 

gage  heights WS  65,  p  308; 

83,  p213;  98,  p  266 

rating  table WS  65,  p  324; 

83,  i>213;  98,  p  267 
Rapier  Creek  near: 

discharge ws  49,  p  219 

Rapid,  S.  Dak. 

Rapid  Creek  at.    See  Rapid  Creek. 
Rapid  Creek,  S.  Dak.,  near- 
Mystic: 

discharge WS  99,  p  135 

Rapid,  S.  Dak.: 

description WS  99,  pp  50-51 

discharge WS  49,  p  272;  99,  p  51 

discharge,  monthly WS  99,  p  52 

gage  heights WS  99,  pp  51-52 

rating  table WS  99,  p  52 

Rapid  Valley  ditch  in- 
Rapid  Creek  Valley,  S.  Dak.: 

discharge WS  99,  p  135 

Rapier  Creek  near- 
Ranger,  N.  C: 

discharge WS  49,  p  217 

Raquette  River,  N.  Y.: 

description WS  65,  pp  36  38 

near  Hannawa  Falls,  N.  Y.: 

description WS  82,  p  77 

near  Massena  Springs,  N.  Y.: 

description WS  97,  p  359 

Raritan  River  near- 
Bound  Brook,  N.J.: 

description WS  97,  p  239 

discharge WS  82,  p  127;  97,  p  240 

gage  heights WS  97,  p  240 

Finderne,  N.J.: 

description WS  97,  p  242 

.discharge WS  97,  p  242 

gage  heights WS  97,  p  243 

Raritan  River  basin: 

description WS  97,  pp  238-239 

Raritan  River,  North  Branch  of,  near- 
Far  Hills,  N.J  : 

description WS  97,  pp  243-244 

discharge WS  82,  p  127;  97,  p  244 

gage  heights WS  97,  p  244 

Pluckemin,  N..T.: 

discharge WS  82,  p  127 

Raritan  River,  South  Branch  of,  near— 
Califon,  N.  J.: 

discharge WS  82,  p  127 

I  ierman  Valley,  N.  J.: 

discharge WS  82,  p  127 

High  Bridge,  N.J.: 

discharge WS  82,  p  127 

Neshanic,  N.  J.: 

discharge WS  82,  p  127 

Stanton,  N.  J.: 

description WS  97,  pp  244-245 

discharge WS  97,  p  245 

gage  heights WS  97,  ] <  2 15 

Ratcliff,  Ga. 

Mountaintown  Creek  near: 

discharge ws  49,  p  2119 


Rating  tables: 

for  rivers,  see  names  of  rivers. 

made  for  current  meters  in  1896. .  WS  11.  p94 

preparation  of Bull  140,  pp  27-28 

Rattleshake  Creek,  Mont- 
description Ann  21 ,  iv,  p  417 

near  Missoula: 

description WS  38,  p  363;  51,  p  431 

discharge WS  38,  p  364; 

51,  p431;  100,  p460 

discharge,  monthly Ann  21,  iv,p417 

gage  heights WS  38,  p  364;  5] ,  p  132 

hydrograph Ann  21,  iv,  p  417 

rating  table WS  39,  p  454 

Ravenna,  Nebr. 

rainfall  data Ann  20,  iv,  pp  257, 260,  235 

South  Loup  River  near: 

discharge Ann  18,  iv,  pp  181, 

193;  20,   iv,  p  300 
Ravensdale,  Wash. 
Cedar  River  near: 

description WS  100,  pp  463-464 

discharge WS  100,  p  464 

discharge,  monthly WS  100,  p  465 

gage  heights WS  100,  p  464 

rating  table WS  100,  p  465 

Rawlston  Creek  in— 

Coosawattee  River  basin: 

discharge WS  49,  p  209 

Rawson  canal  near- 
Bishop,  Cal.: 

description WS  100,  pp  215-216 

discharge WS  100,  p  216 

gage  heights WS  100,  p  216 

Reams  Creek  in- 
French  Broad  River  basin,  N.  C: 

discharge WS  49,  p  212 

Redbluff,  Cal. 

rainfall  data Ann  18,  iv,  pp  363,418; 

19,  iv,  pp  538,539;  20,  iv,  pp  560, 
561;    WS  39,   pp  437,438;  52,   pp 
195,496;  66,  pp  168,169;  75,  p  228 
Sacramento  River  near: 

description Ann  18,  iv,  pp  362-363; 

Bull  131,  p  76;  HI),  pp  250- 
252;  WS  16,  p  186;  85,  pp 
137-138;     100,    pp     278-279 

discharge Ann  18,  iv,  p  364; 

Bull  131,  p.  92;  140,  p  252; 
WS  66,   p  167;  100,  p  279 

discharge,  monthly  Ann  18,  iv,  p  365; 

Bull  140,  p  253;  WS  85, 
pp    139,  141;    100,    p    280 

gage  heights Bull  131,  pp  76-77; 

140,  p253;  WS  11,  p  89;  If,,  p 
186;  85,ppl38,  140;  100,  p  280 

hydrograph Ann  18,  i v,  p  366 

rating  tables Ann  18,  iv,  p  364; 

Bull  140,  p  253;  WS  85, 
pp  139,  141;   100,  p  280 
Red  Bluff,  Mont. 

Madison  River  near: 

description Ann  14,  ii,  pp ,102-103; 

19,  iv,  p  279;  Bull  131,  pp  18-19; 
WS  15,  p  69;  27,  p  68;  37,  p  205; 
49,  p  263;  66,  pp  18-19;   81,  p   16 

discharge Ann  11,  ii,  p  41; 

Bull  131,  p  90;  WS  15,  p  69;  27,  p  74; 
37,  p  205;  49,  p  263;  66,  p  19;  84,  p  46 
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Red  Bluff,  Mont.— Continued. 

Madison  River  near— Continued. 

discharge,  monthly Ann  11,  ii,  p94; 

12,  ii,  pp  346,  360;  13,  iii,  p  92; 
11.  ii,  pl03;  19,  iv,  p 280; 20,  iv, 
pp234,  236;  21,  iv,  p  186;  22,  iv,p 
284;  WS  75,  pp  117,  119;  84,  p  17 

discharge,  yearly -   Ann  13,  iii,  p  98; 

20,  iv.  p :.;: 

gage  heights .  Bull  131,  ]>  20; 

WS  15,  p69;  27,p71;  37,p206: 
49,  |>  264;    66,   i>  19;   84,    p    16 

hydrographs Ann  L3,  iii.  p  18; 

19,  iv.  p  280;  20,  iv,  p  237; 
21.  iv.  i-  186;  22,  iv,  i>  284 

rainfall  and  run-off  relation Ann  20, 

iv.  p235;  WS  75.  p  118 

rating  tables..  Ann  19,  iv,p279;  Bull  131, 

p  L9;  WS  27.  p  75;  39,  l»  146; 

52,  p  516;  66,  p  l7o:  si.  p  17 

Redbluff,  X.  Mex. 

Pecos  River  near: 

discharge ws:\  p  130 

Ked  Canyon  Creek  in— 
Bighorn  Ki\  er  basin: 

discharge Ann  13,  iii.  p  70 

Red  I  !edar  Ri\  er  Dear- 
Agricultural  College!  Mich.: 

description ws  83, 

pp283  284;  '.'7,  pp  152   153 

discharge WS83,  p  284;  97,  p  153 

discharge,  daily WB97,  pp  455  156 

discharge,  monthly WS  97,  p  157 

gage  heights WS  83,  p284;  '.'7.  |»  153 

rating  lable WS  97    pp  154    I  5 

Redcliff,  Colo. 

rainfall  data Ann  20,  iv.  pp375,  376,  379 

Redcloud,  Nebr. 

rainfall  data Ann  20,  iv,  pp  306,  308,  313 

Reddie  River  near— 

North  Wilkesboro,  N.  C: 

discharge ws  19,  p  204 

Redding,  Cal. 

rainfall  data WS  52,  pp  195,  196; 

66,  pp  168,  169;  75.  p  228 
Redhouse,  N.  Y. 

Allegheny  i;i\  ei  near 

description WS  98,  pp  240-241 

discharge ws  98,  p  241 

gage  heights ws  98,  p  241 

Red  hake  River  near— 
Crookston,  Minn.: 

description ws  66,  pp  10  11; 

85,  pp  234  235;   100,  pp  191    192 

discharge ws  <*>.  ]»  11; 

85,  p  235;  100,  p  192 

discharge,  monthly WS  100,  p  194 

gage   heights WS66,  pll; 

85,  p  J:::");   ,  pp   192   193 

rating  table ws  100,  p  193 

Grand    Forks,  N.  Dak.: 

discharge ws  100,  p  504 

Redlands  canal.  Cal.: 

discharge Ann  is,  iv,  p  418; 

19,  iv,  p536;  WS28,pl92  85,p.l79 
Redlands  Heights  in— 

San  Bernardino  Valley,  Cal.: 

water  supply Ann  19,  iv,  ].[>  560-561 


Redlands  or  South  Side  works: 

description Ann  19,  iv,  pp  576-583 

Redlands  tunnel  in — 

Santa  Ana  River  basin,  Cal.: 

discharge ws  85,  p  179 

Red  Mountain,  Cal. 
Kings  River  near: 

description Ann  18,  iv,  pp  390-391; 

20,  iv,  p  534;  Bull  140,  p  287;  WS  16, 
p  191;  28,  p  180;  39,  p  403;  51.  pp  459- 
160;  66,   p  152;  85,  p  150;  100,   p  291 

discharge Ann  18,  iv,  p  392;  ws  16, 

p  191;  28,  p  185;  39,  p  403;  51,  p  460; 

66,  p  152;  85,  pp  150,161;  100,  p  295 

discharge,  low-water...  Ann  20,  iv,  p  526; 

22,  iv,  p  497;  WS  28,  p 

19;'.;  39,  p433;  51,  p  481 

discharge,  monthly Ann  18,  iv.  p  393; 

19,  iv,p5i9;  20,  iv,  p  535;  21, 
iv,  p  468;  22,  iv,  p  467;  WS 
75.  P217;  85,  p  151;  loo.  t,  296 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights Bull  140,  p  287; 

WS  II,  p  92:  16,  p  191;  28, 
P  L84;  39.  p  404;  51,  p  400; 
66, p  153;  85,pl50;  100,p295 

hydrographs Ann  18.  iv,  p  393; 

19,  iv.  p  519:  20  iv,  p  535;  21,  iv, 
P  168;  22,  iv,  p  107;  WS75,p217 

rating  tables Ann  18,  iv,  p  392;  19, 

iv.  p518;  ws  28,  p  186; 

39,  p   155;  52,  p  523;  66,  p 
17s;  85,  p    151;    100,  p  290 

led  Mountain  Creek  near- 
fronton,  Colo.: 

discharge ws  loo.  p  64 

Red  <  >a  k  ( 'reek  near- 
Molina.  Ga.: 

discharge Ann  19,  iv.  p  210 

Red  River,  Ark..  near- 
Garland: 

discharge ws  si,  p  1 10 

Red  Ri\ er,  N.  Mex.,  near- 
Red  River: 

discharge Ann  11,  ii,p  107 

Red  River,  North  Fork,  near— 
Granite,  ok  la.: 

description ws  99.  p  319 

discharge WS99,  p319 

gage  heights ws  99,  p  320 

Red  River  drainage  basin: 

description WS84,p  139;  99,  p  313 

Red  River  (of  the  North) 

description ws  00,  p9 

near  Emerson,  Manitoba: 

description WS  66,  pl3;  S5,  pp 233-234 

discharge ws  00,  p  1 1; 

85,  p234;  100,  p  504 

gage  heights ;  WS  85,  p  2154 

near  Fa  mo,  N.  Dak.: 

description WS  85,  p  237;  100,  p  501 

discharge Bull  131,  p  92; 

WS  85,  p  238;  100,  p  501 

discharge,  monthly ws  100,  p  503 

gage  heights ws  85,  p  238; 

100,  pp  501-502 
rating  table WS  100, p  502 
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Red  River  (of  the  North)  —Continued. 
near  (hand  Forks,  N.  Dak.: 

description WS  66,  pp  11-12; 

85,  pp  235-236;  10G, p  494-495 

discharge WS66,pl2;  85, 

p  236;  100,  p  495, 504 

discharge,  monthly WS  100,  p  498 

gage  heights WS  l>o,  p  12; 

85,  p  236;  100.  p  496 

rati  ng  table WS  100,  p  497 

near  Moorhead,  Minn.: 

description WS  66,  pp  9-10 

discharge WS  66,  p  10 

gage  heights WS  66,  p  10 

near  Pembino,  N.  Dak.: 

description WS  66,  pp  12-13 

discharge WS66,p  13 

gage  heights WS  66,  p  13 

Red  Rock,  Mont. 

Red  Rock  Creek  near.     See  Red  Rock 
Creek. 
Red  Rock  Creek,  Mont. 

description Ann  13,  iii,pp  49-50 

discharge,  yearly Ann  13,  iii,  p  98 

near  Allerdice: 

discharge Ann  11,  ii,  p  107 

near  Red  Rock: 

description Ann  11,  ii,  pp  40-  11 

discharge,  monthly Ann  11,  ii, p  91 

Red  Water  ditch: 

in  Red  Water  Valley,  at  head: 

discharge WS  99,  p  136 

near  Belle  Fourche,  S.  Dak.: 

discharge WS  99,  p  136 

Red  Water  River  near- 
Belle  Fourche,  S.  Dak.: 

description "WS  £9,  p  59 

discharge WS  99,  p  59 

discharge,  monthly WS  99,  p  60 

gage  heights WS  99,  p  60 

rating  table WS  99,  p  60 

Minnesela,  S.  Dak.: 

description WS  99,  p  61 

discharge "WS  99,  p  61 

discharge,  monthly WS  99,  p  62 

gage  heights WS  99,  p  61 

Redwillow,  Nebr. 

rainfall  data Ann  13,  iii,  p  77 

Reed  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  pp  170, 

173;  WS  49,  p  205,  100,  p  306 
Reels  Creek  near— 
Deerfield,  N.  Y.: 

description WS  97,  p  209 

discharge,  daily WS  97,  p  210 

discharge,  monthly WS  97,  p  211 

rainfall  data WS  97,  p  211 

Utica,  NY.: 

description WS  82,  pp82-83 

discharge WS  82,  ] >  83 

discharge,  daily WS  82,  pp  84-85 

Reflection  Lake  reservoir  site  in— 
Kiiitfs  River  basin,  Cal.- 

description Ann  22,  iv.  p  473 

Regulators 

engineering  feaiuresof. .  Ann  13, iii,  pp  238-244 


Reidsville,  Ga. 

Ohoopee  River  near: 

description WS  98,  pp  81-82 

discharge WS  98,  p  82 

discharge,  monthly WS  98,  p  84 

gage  heights WS  98,  pp  82-83 

rating  table WS  98,  p  83 

Reis  Springs,  Wyo. 
Clear  Creek  near: 

discharge WS  84,  p  94 

Reliance,  Tenn. 

Childers  Creek  near: 

discharge WS  49,  p  218 

Ellis  Creek,  near: 

discharge WS  49,  p  218 

Hiwassee  River  near: 

description WS  48,  p  191; 

65,  p  308;  83,  p  210;  98,  pp  262-263 

discharge Ann  19,  iv,  p  260; 

WS  27,  p  45;  36,  p  171;  48,  p  191; 
65,  p    308;   83,  p  210;    98,  p  263 

discharge,  monthly Ann  22,  iv,  p  225; 

WS  75,  p  107;  83,  p  212;  98,  p  265 

gage  heights WS  48,  p  192; 

65,  p  309;  83,  p  211;  98,  pp  263-264 

rating  tables WS  52,  p  515; 

65,  p  324;  83,  p  211;  98,  p  264 
Lost  creek  near: 

discharge WS  49,  p218 

Renton,  Wash. 

Cedar  River  near: 

discharge WS  100,  p  475 

Republican  River: 

discharge WS  39,  p  440 

near  Benkelman,  Nebr.: 

description WS  99,  pp  220-221 

discharge Ann  18,  iv,  p  206; 

20,iv,p302;  Bull  131,  p  92; 
WS  84,  p  113;   99,  p  221 

discharge,  monthly WS  99,  p  222 

gage  heights WS  99,  p  221 

rating  table ' WS  99,  p  222 

near  Cambridge,  Nebr.: 

discharge WS  50,  p  311 

near  Culbertson,  Nebr.: 

discharge Ann  18,  iv,  p  206; 

20,  iv,  p302;  Bull  131,  p  91; 
140,  p  136;   WS  50,  p  311; 
66,    p   4:5;    84,    pp   112,    113 
near  Ediso.i,  Nebr.: 

discharge WS  50,  p  311 

near  Franklin,  Nebr.: 

discharge WS  84,  p  113 

near  Haigler,  Nebr.: 

discharge.  Ann  20,  iv,  p  302;  WS84,  p  112 
near  Ives,  Nebr.: 

discharge Ann  18,  iv,  p  206; 

20,  iv,  p302;  WS  84,  p  112 
near  Junction,  Kans.: 

description Ann  18,  iv,  p  203; 

Bull  140,  pp  136-137,  WS  16,  p 
109;  27,  p  90;  37,  p  248;  50,  p  313; 
66,  p  43;   84,  p  100;   99,  p  214 

discharge Ann  18,  iv,  p  204: 

Bull  140,  p  137,  WS  16,  p  109; 
27,  p  95;  37,  p  248;  50,  p  313: 
66,  p  43;  84,  p  100;  99,  p  214 
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Republican  River,  Nebr.— Continued. 
near  Junction,  Kans.— Continued. 

discharge,  monthly Ann  18;  iv,  p  205; 

19,  iv,  p  340;  20,  iv,  pp  312, 
338;  21,  iv,  p  221;  22,  iv,  p 
333;  Bull  140,  p  138;  WS  75, 
p   141;    84,   p  102;    99,  p  216. 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  137; 

WS11,  p57;  16,  pl09;  27, 
p  92;  37,  p  249;  50,  p  314; 
66,p43;  si,  p  101;  99,  p215 

hydrographs Ann  18,  iv,  p  204; 

19,  iv,  p34;  20,  iv,  p  318;  21,  iv. 
p  221 ;  22,  iv,  p  333;  WS  75,  p  141 

rainfall  and  run-off  relation Ann  20, 

iv,  p313 
rating  tables Ann  18,  iv,  p205; 

19,  iv,  p339;  ws  27,  p96; 
39,  |>  449;  52,  p  517;  66, 
P  171:  si.  ],  101;  99,  |»  215 

near  McCook,  Nebr.: 

discharge Ann  19,  iv,p  351; 

_'n.  i\,  p302;  ws.'.c  | 
311:  66,  p   13;  84    p  113 
near  <  >xford,  Nebr.: 

discharge Ann  is.  iv,  p206; 

20,iv,p302;  Bull  1  in,  p  136; 
WS50,  p  311;  84,  p  111',  113 
near  Stratton,  Nebr.: 

discharge wssi,  p  112 

near  Superior,  Nebi 

description Ann  is.  iv.  pp  199  202 

19,  iv.  p  338;  WS  16,  pp  107  in-  27, 
pp  89  90;  .".7.  pp  245  246;  50,  p  312; 
66,p41;  84,ppl02  110;  99,pp216  217 

discharge Ann  is.  i\,  p200; 

WS  16,  p  ins;  27,  p,  95;  37, 
pp  2  If,,  2 17;  50,  l'  312;  (if.. 
p  11:  84,  p  103-104;  99,p217 

discharge,  daily Ann  is.  i\ .  p  202 

discharge,  monthly Ann  p.),  iv,  p  339; 

20,  iv.  pi'  311,  317:  21,  iv, 
p 220;  22,  iv,p332;  WS  75, 
p   l  in.  -I,  |.  105;  99,  p219 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights ws  16,  p  108; 

27,  p91;  3.7  pp247  248; 
•II  pp312,  313;  66,  p  I'-': 
84,    p    104;    99,    p    218 

hydrographs Ann  19,  iv,  p  339; 

20,  iv,  p317;  21,  iv.  p  220;  22.  iv,  p  332 

rainfall  and  run-off  relation Ann  20. 

iv,  1.313 

rating  tables Ann  18,  iv.  p  201 ; 

19,   iv.  p  338;  ws  39,  p   149; 
66,  p  171.  84    p  105;  99   p  218 
Republican  River  basin: 

description....  Ann  18,  iv    p  I'M:  21.  iv,  p  219 
Republican  River,  Arickaree  Fork,  near— 
ETaigler,  Nebr.: 

discharge Ann  20.  iv,  p  298 

Republican  River,  North  Fork,  near 
Benkelman,  Nebr.: 

description Bull  131,  p  33; 

140,  pp  125-127 


Republican  River  North  Fork,  near— Continued. 
Benkelman,  Nebr.— Continued. 

discharge Bull  131,  p  33; 

140,  p  126;  WS  50,  p  311 

discharge  monthly Bull  140.  p  129 

gage  heights Bull  140,  p  129 

rating  table Bull  140,  p  128 

Haigler,  Nebr.: 

description Ann  18,  iv,  pp  194-195 

discharge Ann  18,  iv,  p  195 

Republican  River,  South  Fork,  near— 
Benkelman,  Nebr.: 

description Bull  131,  p  33; 

140,  p  130;  WS  99,  pp  222-223 

discharge Ann  18,  iv,  p  206; 

Bull  140,  p  130;  WS  50,  p 
311;   81,  p  113;   99,   p  223 

discharge,  monthly WS  99,  p  224 

gage  heights Bull  140, 

p  130-131;  WS  99,  pp  223-224 

rating  table WS  99,  p  224 

State  Line,  Nebr  : 

discharge ws  84,  p  113 

Resaca,  6a. 

( ionasauga  River  near: 

discharge ws  49,  p209 

•  (ostanaula  River  near: 

description Ann  18,  iv,  p  98; 

WS  15,  p  50;  27,  p  48;  36,  pp 

146-117:   is.  p  162;  65,  p  277 

discharge..  Ann  is,  iv,  p99;  WS  15,  p  50; 

27,  p57;  36,  p  117;  48,  p  162 

discharge,  monthly Ann  19,  iv,  p  245; 

20,  iv,  pp  181-190;  21,  iv,  p 
147;  22,  iv,  p  198;  WS  75,  p  90 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights ws  n,  pp  28-30;  15, 

p   50;  27,  p  52;  36,   p 
1  17;  48,  p  163:  65,  p  278 

hydrographs Ann  19,  iv,  p  246; 

20.  iv,  p  191;  21,  iv,  ].  118;  22,  iv,  p  198 

rainfall  and  run-off  relation Ann  20, 

iv,  p  1S1 

rating  tables...  Ann  18,  iv,  p  99;  19,  iv,  p 

215,  WS  27,  p  58;  39,  p 

115;  52,  p  514;  65,  p  322 

Reservoir  capacities  and  areas  (tables) 

Ann  IS,  iv,  pp  727-740 
Raservoirs: 

capacity  and  COSl  of Ann  20,  iv,  pp  42-43 

near  sources  of  Mississippi  River: 

description Ann  20,  iv,  pp  228-230 

for  irrigation,  by  .lames  D.  Schuyler.  Ann 
18,  iv,  pp  617-740 
Reservoir  sites: 

areas  of.  comparison,  by  diagrams...  Ann  21, 
iv,  pp  46-50 

in  California  Ann  10,  p  59; 

11,  n.pp  150-183;  12,  ii, 
PP  10-54;  20,  iv,  p  533 
in  California  and  Nevada: 

maj) Ann  21,  iv,  p  445 

in  Colorado: 

surveys  of Ann  10,  ii,  pp  62-63; 

11,  ii,  pp  133-144;  12,  ii,  pp  55-127 
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Reservoir  sites— Continued, 
in  Colorado— Continued. 

report  on,  by  A.  H.  Thompson...  Ann  13, 
iii.  pp  436-444 
in  Montana: 

surveys  of Ann  10,  ii,  pp  59-61; 

11,  ii,  pp  120-125,  127- 
133;  12,  ii,  pp  127-165 
in  Nevada: 

survey  of Ann  12,  i  i ,  pp  209-21 2 

in  New  Mexico: 

surveys  of Ann  10,  ii,  pp  63-64; 

12,  ii,  pp  165-209 
in  Southern  Ute  Indian  Reservation: 

survey  of Ann  20,  iv,  pp  419   126; 

in  Utah: 

surveys  of Ann  10,  ii,  p  63; 

11,  ii,  pp  184-189;  13,  iii,  pp  458-478 
in  Utah-Idaho: 

survey  of Ann  13,  iii,  pp  452-458 

in  Yakima  County,  Wash.: 

description Ann  20,  iv,  pp  505-508  • 

location  and  survey  of,  during  1891: 

report  on,  by  A.  H.  Thompson . . .  Ann  12, 
ii,  pp  1-212 
location  and  survey  of,  in  1892: 

report  on,  by  A.  H.  Thompson. . .  Ann  13, 
iii,  pp  445-478 
on  Horseshoe  Creek,  Wyo.: 

description Ann  20,  iv,  pp  270-273 

on  Laramie  River: 

description Ann  20,  iv,  p  276  277 

Reservoir  surveys: 

character  ami  distribution  of Ann 

20,  iv,  pp  25-41 

Results,  accuracy  of WS  35,  p  12 

Revis  Bridge,  Cherokee  County,  Ga. 
Long  Swamp  Creek  near: 

discharge WS  27,  p  45 

Rexford  Flats,  N.  Y. 
Mohawk  River  near: 

description  of "WS  35,  p  57; 

47,  pp  66-68;  65,  pp  176,  177 
discharge  ....  WS  47,  p  68;  65,  pp  176,  177 

discharge,  daily WS  35,  p  57; 

47,  pp  68-69;.  65,  p  178 

discharge,  flood "WS  65,  p  177 

•  litharge,  monthly Ann  22,  iv,  p  102; 

WS  35,  p  24;  65,  p  179 

diverted  water WS  65,  p  176 

hydrographs.  Ann  21,  iv,  p  70;  22,  iv,  p  103 
Reynolds,  Ga.: 

Flint  River  near: 

discharge Ann  19,  iv,  p  240 

Rhodes  Station,  Colo. 

North  Fork  South  Platte  River  near: 

discharge WS  99,  p  207 

Rial  to  Canal,  Cal.: 

discharge WS  28,  p  192 

Lytle  Creek  at  headgates  of: 

discharge,  monthly WS  75,  p  223 

Rialto  Canal  and  Lytle  Creek,  Cal.: 

discharge WS  100,  p  351 

Richards,  Okla. 

Chandler  Creek  near: 

discharge WS  99,  p  320 


Richardton,  N.  Dak, 
Heart  River  near: 

description WS  99,  p  66 

discharge WS  99,  p  66 

discharge,  monthly WS  99,  p  68 

gage  heights WS  99,  p  67 

rating  table WS  99,  p  67 

Richelieu  River  near— 
Chambly,  Quebec: 

discharge,  daily WS  65,  pp  40-41 

Fort  Montgomery,  N.Y.: 

description WS  82,  p  77;  97,  p  340 

discharge,  daily WS  82,  p  78;  97,  p  342 

discharge,  monthly WS  97,  p  343 

St.  Johns,  Quebec: 

discharge WS  97,  p  343 

gage  heights WS  97,  p  341 

Richison,  Tenn. 

Middle  Fork  of  Little  Pigeon  River  near: 

discharge WS  49,  p  217 

Richmond,  Tex. 

Brazos  River  near: 

description WS  84,  p  147;  99,  p  329 

discharge WS  84,  p  147;  99,  p  330 

discharge,  monthly WS  99,  p  332 

gage  heights WS  99.  pp  330-331 

rating  table WS  99,  p  331 

Richmond,  Vt. 

Winooski  River  near: 

description WS  97,  p  348 

discharge WS  97,  p  348 

discharge,  monthly WS  97,  p  350 

gage  heights WS  97,  p  349 

rating  table WS  97,  p  349 

Richmond,  Va. 

rainfall  data Ann  20,  iv,  pp  132, 133, 134; 

WS  75.  pp  45,  48,  50 
Rico,  Colo. 

Dolores  River  near: 

discharge WS  66,  p  98 

rainfall  data Ann  20,  iv,  pp  375, 378, 379, 

397,  398,  399 
Riddle  Creek,  Tenn.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  215 

Ridge  Mills,  N.  Y. 

Mohawk  River  near: 

description WS  35,  p  45; 

47,  pp  43-44;  65,  pp  144-145 

discharge WS  47,  p  39;  65,  p  145 

discharge,  daily. .  WS35,  p46;  47,  pp  44-45 

discharge,  monthly Ann  21,  iv,  p  65; 

22,  iv,  p  86;  WS  35,  p  24 

diverted  water WS  65,  p  145 

hydrographs.  Ann  21,  iv,  p  65;  22,  iv,  p  87 
Ridgway,  Colo. 

Uncompahgre  River  near: 

discharge WS  100,  p  95 

Rifle  River  near— 
Outer,  Mich.: 

description WS  83,  p  286;  97,  p  433 

discharge WS  83,  p  286;  97,  p  433 

discharge,  low  water WS  83,  p  296 

gage  heights WS  83,  p  287;  97,  p  434 

Rifle  River  basin: 

description WS  83,  pp  285-286 
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Rigsby,  Oreg. 

Owyhee  River  near: 

description Ann  14,  ii,  pp  130-131 

discharge  . Ann  14,  ii,  p  132 

discharge,  monthly Ann  11,  ii,  p  106; 

12,  ii,  pp  357, 361;  13, 
iii.  p98;  14.  ii,  p  131 

discharge,  yearly Ann  13,  iii,  p  99 

hydrograph.  Ann  12,  ii  p  344:  14,  ii.  p  130 
Riley,  Oreg. 

Silver  Creek  near: 

description WS  100,  p  436 

discharge WS100,  p  436 

Rincon,  Cal. 

Chino  Creek  near: 

description WS  39,  p  427:  51,  p478 

discharge ws  39,  p  127: 

51,  p478;  LOO,  p  354 
Santa  Ana  River  near: 

description..  WS39,  pp  127-428;  51,  p  178 

discharge WS39,  p  128; 

51,  p  178;  LOO,  p  354 
discharge  of  canals  diverting  water 

from ws  51,  (>  479 

TemescaJ  Creek  near: 

description WS39,  pp  125  126 

Rincon,  N.  Mex. 

rainfall  data Ann  20,  iv.  pp  356,  357,  359 

Ringgold,  Ga. 

East  ( Ihickamauga  Creek  near: 

discharge ws  36,  p  17 1 

Rio  Bravo  ranch,  Cal. 
Kern  Ri\  er  near: 

description Bull  1  in.  pp  268-269 

discharge,  yearly....  Bull  lit),  pp  311,  312 
Rio  Chama  near— 
Abiquiu,  N.  Mex.: 

discharge ,. Ann  n,  ii,  j»  Ki7 

Rio  de  Taos  near 
Cordova,  N.  Mex.: 

discharge Ann  n,  ii.  p  107 

Taos  pueblo: 

discharge Ann  ii.  ii.  p  1117 

Rio  Verde,  Ariz.: 

proposed  reservoirs  on..  Ann  18,  iv,  pp  717  718 

seepage  computations ws  ;.o,  p  306 

Rio  Grande,  N.  Mex. 

Rio  '  rrande  near.    Se<  Rio  Grande,  near 
Rio  Grande,  N.  Mex. 
Rio  (  rrande: 

description Ann  19,  iv.  pp  381-382; 

WS50,  p346 

mesas  along Ann  12,  ii.  p  278 

near  Alamosa,  <  !olo.: 

description..  BuU131,  p  L3;  1  in.  pp  170-171 

discharge Bull  131,  p  91; 

1  in.  p  171;  WS99,  p402 

gage  heights Bull  140,  p  171 

near  Cenieero,  Colo.: 

description WS  37,  p  27'.t; 

50,  pp  348-349;  66,  p  65; 
84,  pp  192  L93;  99,  p  395 

discharge ws  37,  p  279;  50, 

p  349;  66,  p  65;  84,  p  193;  99,  p  395 

discharge,  monthly Ann  21,  iv,  p  257; 

22,  iv.  p  349;  WS  75,  p 
153;  84,  p  194;  99,  p  397 


Rio  Grande— Continued. 

near  Cenieero,  Colo.— Continued. 

gage  heights ws  37,  p  280; 

50,  p349;  66,  p  66; 
84,  p  193;  99,  p  396 

hydrographs Ann  21,  iv,  p  257; 

22.  iv,p349 

rating  tables WS  39,  p  450; 

52,  p  519;  66,  p  L73; 
84,  p  L93;  99,  p  396 
near  Del  Norte,  Colo.: 

description Ann  14,  ii,  pp  110-111; 

18,  iv,  p  246;  Bull  131,  pp  41- 
42;  140,  p  170;  WS  16,  p  127;  28  p 
120;  37,  pp  277-278;  50,  p  347;  66,  p 
65:  84,  pp  L94-  L95;  99,  pp  400-401 
discharge Ann  is,  iv,  p  246; 

Bull  131.  p  91;  1  K),  p  I7tl;  WS16, 
pl27;28,p  L29;  37,  p  278;  50,  p  347; 
66,   p  65;    84,   p   L95;    99,   p  401 

discharge,  monthly Ann  11,  ii,  p  98; 

Li,  ii,  pp  349,  360;  13,  iii,  p  94; 
14,  ii.  p  11;  is,  iv,  p  247-248;  l'.», 
iv,   ).  383;   20,    iv.    pp  358,  360 

364;  21  iv.  p  256;  22,  iv,  p  317; 
WS75,  pl53;  84,  p  L96;  99,p402 

discharge,  yearly Ann  13.  iii,  p  99; 

21),  iv,  p57 

gage  heights Bull  131,  pp  42-43; 

1  L0,p  17(1;  WS  11,  p  61;  hi,  p  127, 
28,  p  126;  37,  p  278;  50,  p  347; 
66,  p  65;  si,  pp  L95-196;  00.  p  101 

hydrographs Ann  12,  ii,  p250; 

L8,  iv,  p  249;  L9,  iv.  p  384;  20, 
iv.p  365;  21,  iv,  p256;  22,  iv,  p348 

rainfall  and  run  -off  relation Ann  20, 

iv,  p  359 

rating  tables Ann  IS,  iv,  p  217; 

10,  iv,  p  383;  ws  2s.  p   i:;o;  3-.t,  p  450; 
52,  p  519;  66.  p  17;;;  84,  p  106;  00,  p  102 
near  Devils  River,  Tex. 

description WS  50,  pp  3,61-365; 

60.  p  80;  84,  p  162;  oo,  p345 

discharge  ..! ws  50,  p  365; 

66,  p  so;  si,  p  i62;  00,  pp  345  317 

discharge,  monthly Ann  22,  iv,  p  357; 

WS  75,  p  bd;  84,  p  163,;  99,  p  348 

gage  heights ws  50,  p  3,65; 

66,  p  81;  84,  p  163;  W,  pp  347-348 
near  Eagle  Pass,  lex.: 

description WS50,  pp  365-366; 

66,  p81;  84,  p  158;  00,  |.3I1 

discharge WS  50,  p  366;  66,  pp  81-82; 

84,  pp  158-159;  99,  pp  341-344 

discharge,  monthly Ann  22,  iv,  p  357; 

WS  75,  p  162;  84,  p  160;  99,  p  315 

gage  heights ws  50,  p  366; 

66,  p82;  90:  p  344 

hydrograph WS  75,  p  163 

near  El  Paso,  Tex. 

cross  section Ann  IS,  iv,  p  258 

description Ann  14,  iv,  p  114; 

18,  iv,  pp  257-259;  Bull  131,  p 
46;  140,  p  178;  WS  16,  p  132;  28, 
p  120;  37,  pp  283-284;  50,  p  352; 
66,  p  70;  84,  p  181;  99,  pp  378-379 
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Rio  Grande— Continued. 

near  El  Paso,  Tex.— Continued. 

discharge.  Ann  18,iv,  p  259;  Bull  140,  p  179; 
WS  16,  pp  132-133;  28,  p  120; 
37,  p  284;  50,  p  353;  66,  p  70; 
84,  pp  181-182;  99,  pp  379-381 

discharge,  monthly Ann  11,  ii,  p  99; 

12,  ii,  pp  350,360;  13,  iii,  p 
94;  14,  iv,  pp  114-115;  19,  iv, 
p  390;  20,  iv,  pp  358,  372;  21, 
iv,  p  262;  22,  iv,  p  353;  WS 
75,  p  155;  84,  p  183;  99,  p  382 

discharge,  yearly Ann  11,  ii,  p  54; 

13,  iii,  p  99;  20,  iv,  p  58 

gage  heights Bull  131,  p  47; 

140.  p  179;  WS  11,  p  67;  16,  p  133; 
28,  p  128;  37,  p  284;  50,  p  353; 
66,  p  70;  84,  p  182;  99,  .pp  381-382 

hydrographs Ann  12,  ii,  p  280; 

14,  ii,  p  114;  19,  iv,  p  390;  21,  iv, 
p  263;  22,  iv,  p  353;  WS  75,  p  156 

rating  tables Ann  19, 

iv,  p389;  Bull  131,  p  47 
sediment  observations  . . .  Ann  11,  ii,  p  57 
near  Embudo,  N.  Mex.: 

description Ann  12,  ii, 

pp  257-258;  14,  ii,  p  112;  18,  iv,  p  248; 
Bull  131,  pp  43-44;  140,  p  172;  WS 
16,  p  128;  28,  p  120;  37,  p  280;  50,  p 
350;  66,  p  66;  84,  pp  189-190:  99,  p  391 

discharge Ann  11,  ii,  p  107;  18, 

iv,  p  250;  Bull  131,  pp  44,  91, 
92;  140,  p  172;  WS  16,  p  128;  28, 
p  129;  37,  p  280;  50,  p  350;  66,  p  66; 
84,   pp  190-191;   .99,  pp  392-393 

discharge,  monthly Ann  11,  ii, 

p  99;  12,  ii,  pp  350,  360;  13,  iii,  p  94; 
14,  ii,pp  112-113;  18,  iv,  p251;  19,  iv, 
p  385;  20,  iv,  pp358,  364-368;  21,  iv, 
p258;  22,  iv,  p  350;  Bull  140,  p  173; 
WS  75,  p  154;   84,  p'192;  99,  p  394 

discharge,  yearly Ann  11,  ii,  pp  53-54; 

13,  iii,  p  99;  20,  iv,  p  57 

gage  heights Bull  131 ,  p  45; 

140,  p  173;    WS  11,  p  65;  16,  p 

128;   28,  p  127;  37,   p  281;  50,  p 

350;  66,  p  67;  84,  p  191:  99,1)  394 

hydrographs.  Ann  11,  ii,  p  54;  12,  ii,  p  252; 

14,  ii,  pll2;  18,  iv,  p  251; 

19,  iv,  p  385;  20,  iv,  p  369; 

21,  iv,  p  258;  22,  iv,  p  350 

rainfall  and  run-off  relation Ann  20, 

iv.  p  359 

rating  tables Ann  18,  iv,  p  250; 

19,   iv,   p  384;    Bull  140,  p  172; 
WS  28,  p  130;  39,  p  451 ;  66,  p  173 

sediment  observations Ann  11,  ii, 

pp  55-57;  12,  ii,  pp  257,258 
near  Espanola,  N.  Mex.: 

description Bull  131,  pp  45-46 

near  Fort  Hancock,  Tex.: 

description WS  50,  p  354; 

66,  p71;  84,  p  179;  99,  p  376 

discharge WS  50,  p  354; 

66,  p  71;  84  p  179;  99,  p  377 

discharge,  monthly Ann  22,  iv,  p  354; 

WS  75,  p  157;  84,  p  180;  99,  p  378 


Rio  Grande— Continued. 

near  Fort  Hancock,  Tex. — Continued. 

gage  heights WS  50,  p  354; 

66,  p  72;  84,  p  180;  99,  p  378 
near  Langtry,  Tex.: 

description WS  50,  p  357; 

66,  p  75;  84,  p  172;  99,  p  365 

discharge WS  50,  p  357;  66,  pp  75-76; 

84,  pp  172-173;  99,  pp  365-367 

discharge,  monthly Ann  22,  iv,  p  355; 

WS  75,  p  160;  84,  p  174;  99,  p  368 

gage  heights WS  50,  p  358; 

66,  p  76;  84,  p  174;  99,  pp  367-368 
near  Moorhead,  Tex.: 

discharge,  monthly Ann  22,  iv,  p  356 

near  Presidio,  Tex.  (above  and  below) : 

description WS  50,  p  355;  66,  pp  72, 74; 

84,  pp  175, 177;  99,  pp  368,  373 

discharge. .  WS  50,  pp  355-356;  66,  p  72-74; 

84,  pp  175-176, 178;  99,  pp  369-375 

discharge,  monthly  ..  Ann  22,  iv,  pp  354, 

355;  WS  75,  pp  157-158;  84, 

pp  177, 179;  99,  pp  373,  376 

gage  heights WS  50,  pp  355-356; 

66,  pp73,75;  84,  pp  176- 
178;   99,  pp  372,  375-376 

hydrograph WS  75,  p  159 

near  Rio  Grande,  N.  Mex.: 

description Ann  18,  iv,  pp  252-253; 

Bull  140,  pp  175-176;  WS  16,  p  130; 
28,  p  120;  37,  pp  281-282;  50.  pp  350- 
351;  66,  p  67;  84,  pp  186-187;  99,  p  387 

discharge Ann  18,  iv,  p  253; 

Bull  140,  p  176;  WS  16,  p  130; 
28,  p  129;  37,  p  282;  50,  p  351;  66, 
p67;  84,  pp  187-188;  99,  pp  387-389 

discharge,  monthly Ann  18,  iv,  p  254; 

19,  iv,  p  386;  20,  iv,  pp  358,  370;  21, 
iv,  p  259;  22,  iv,  p  351;  Bull  140,  p  177; 
WS  75,  p   154;   84,  p  189;   99,    p  390 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140,  p  176; 

W811,p66;  16,  p  130;  28,  p 
127;  37,  p  282;  50,  p  351;  66, 
p  68;  84,  p  188;  99,  pp389-390 

hydrographs Ann  18,  iv,  p  255; 

19,  iv,  p  387;  21,  iv, 

p  260;  22,  iv,  p  351 

rainfall  and  run-off  relation.   ...  Ann  20, 

iv,  p  359 

rating  tables Ann  18,  iv,  p  253; 

19,  iv,  p  386;   Bull   140,   p   176; 
WS  28,  p  130;  39,  p  451;  66,  p  173 
near  San  Ildefonso,  N.  Mex.: 

discharge Ann  11,  ii,  p  107 

near  San  Marcial,  N.  Mex.: 

cross  section Ann  18,  iv,  p  257 

description Ann  18,  iv,  pp  254-255; 

Bull  131,  p  46;  140,  p  177;  WS 
16,  p  131;  28,  pl20;  37,  p  282; 
50,  pp  351-352;  66,  p  68;  84, 
pp    183-184;    99,     pp    382-383 

discharge Ann  11,  ii,  p  107; 

18,iv,p256;  Bull  131,  p46;  140, 
p  177;  WS  16,  p  131;  28,  p  129; 
37,  p  283;  50,  p  352;  66,  pp  68-69; 
84,  pp  184-185;   99,  pp  383-385 


188 


INDEX    TO    HYDROORAPHIC    PROGRESS    REPORTS,         I  no.  It§. 


Rio  Grande— Continued. 

near  San  Marcial,  N.  Mex  .-^Continued. 

discharge,  monthly Ann  18,  iv,  p  257; 

19,  iv,  p  888;  20,  iv.  pp  358,  371; 
21,  iv,  p  261;  22,  iv,  p  352;  WS 
75,   p  155;  84,  p  186;  99.   p  386 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  110,  p  178; 

WS  11,  p  66;  L6,  p  131;  28, 
j.  128;  87,  p  283;  50,  p  352; 
66,  p69;  84,  p  L85;  99,  p  386 

hydrographs Ann  19.  iv,  p  389; 

•JO,  iv,  p371;  21, iv, 
p  261;  22,  iv,  p  352 

rainfall  and  run-off  relation Ann  20, 

iv,  p  359 

rating  tables Ann  18,  iv,  p  256; 

19,  iv.  pb87  388;  WS28,  p  131 
tributaries: 

description Ann  22,  iv,  p 3  17 

Se<  also  ws  74. 
Rio  <  rrande  basin: 

description Ann  11,  ii,  pp52   >7 

12,  ii.  pp  240-290;  18,  iv.  pp  245 
20,   iv,  pp  355  356;  21,  iv,  p 
Bull  ii:;  |,  ii:  1 10,  p  169;  ws 
66,   p  7;  84,  p   L57;  99,  pp  340  341 
ation   surveys   in,  engineering   re- 
port    Ann  II.  ii.  pp  1  I  i   L50 

rainfall  data Ann  L2,  ii.  pp  24  1  24  ■ 

20,  iv,  p 
rainfall  and  river  stations,  map .....  Ann  20, 

h    p355 
Rio  i  rrande  Valley: 

irrigation  in Bull  140,  pp  180  iv'> 

Rio  *  rrande  in  Nicaragua: 

description  and  discharge Ann  20,  h  . 

pp  ,<n    ,96 
Rio  Hondo   N    Mes 

discharge Ann  11.  ii,  p  in: 

Rio  Hondo  in— 

San  i  .ai.i  iel  Ri\  ei  basin,  Cal.: 

discharge,  miscellaneous.,  ws  inn   p  ,,i 
Rio  San  J  uan,  N  icaragua: 

description,  discharge,  etc Ann  20 

iv,  ](p  609-637 
Rivanna  River  in— 
James  River  basin 

discharge Ann  iv».  iv,  p  171 

Ki\  era,  Cal, 

San  i  Jabriel  Rn  er  near: 

discharge ws  inn,  p  349 

Ki\  ers  and  la 

fluctuations  of Ann  13,  iii.  pp  15-25 

Riverside,  Ala. 

( !oosa  River  near: 

description..  Ann  L8,iv,  pp99  LOO;  wsr>, 
p51;  27.  p  18;  36,  p  1  19  18,  p  164; 
65,  p279;  83,  pp  143  144;  98,  p  1  16 

discharge  Ann  is.  iv,  p 

LOO;  19,  iv.  p  217;  WS  15  p  51; 
27,  p  57;  36,  pp  L49  L50;  18,p  L64; 
65,  p  279:    83,    p   144;    98,    p  147 

discharge,  monthly Ann  18,  iv, 

p  101;  19,  iv,  p  248;  20,  iv,  p 
L87;  21,  iv.  p  150;  22,  iv,  p  200; 
WS  75,  p91;  83,  p  145;  98,  p  148 


Riverside,  Ala. — Continued. 

Coosa  River  near — Continued; 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WSil,  p  30;  15,  p  52; 

27,p54;  86, p  L50;  48,pl65; 
65,  p  280;  83,  p  144;  98,  p  147 

hydrographs Ann  19,  iv,  p  249; 

20,  iv,  p  187;  21,  iv.  p  150; 
22,  iv,p  200;  WS  75,  p  91 

map Ann  19,  iv,  p  246 

rating  tables Ann  18,  iv,  p  101;  19,  iv, 

p248;  WS27,  p  58;  39,  p  445;  52, 
p514;  65,p322;  83,  p  1  15;  98,  pi  18 
Lock  No.  1  near.  Coosa  River  at: 

description ws  15,  p  51; 

36,  p  L50;   18,  p  L65;  65,  p  280 
gage  heights. . .  ws  11,  pp  31-34;  15,  p  52; 
27,  p54;  36,  p  L51;   18,  p  L66;  65,  p  280 
Lock  No.  5  near,  ( !oosa  River  at: 

description Ann  18,  iv,  pp  101-102; 

WS  15,  p  51;  36,  pp  150-151;  18,  p  L65 

gage  heights ws  11,  pp  34-36; 

15,  p  53;  27,  p  55;  36,  p  151 

rating  table Ann  is,  iv,  pp  102-103 

i;i\ erside,  ill. 

Desplaines  River  near: 

description Ann  20,  iv,  p  218 

discharge,  daily...   Ann  21,  iv,  pp  172-171 
discharge, monthly.   Ann20,iv,pp219  222 

discharge,  yearly Ann  20,  i\ .  p52 

hydrograph Ann  20,  iv,  p  223 

Riverside,  N.  C. 

South  Fork  of  New  River  near: 

discharge ws  19,  p210 

i;i\ erside,  Tex. 

Trinity  River  near: 

description ws  84,  pp  1 12-3 13; 

99,  pp  322-323 

discharge wssi.  p  1  i;;:  99,  p  328 

discharge,  monthly WS99,p325 

gage  heights WS99,  pp323  324 

rating  table ws  99,  p324 

i:i\ erside,  \\ ash. 

John-nii  <  Ireek  mar 

description WS  100,  p  392 

discharge,  monthlj     wsi00,p394 

gage  heights ws  LOO,  p  393 

rating  table ws  100,  p  393 

i:i\ erside  dam  site,  Ariz. 

description Ann  21,  iv.  pp  368-370 

i:i\  erside  ditch  1  South  1  in— 
Humboldl  River  basin: 

discharge ws  85,  p  12; 

i;i\  er  stations: 

equipment  of Ann  11,  ii,  pp  14  L8 

location  of,  map Ann   21,   iv,  p  25; 

22,  iv,  pp  26-27;  WS75, 
ppl2,   L3;  84,   pp  10,  11 
Set  also  1  laging  stations. 
Riverton,  Cal. 

Eldorado  ditch  above: 

disc  barge WS  66,  p  167 

South  Fork  American  River  mar: 

discharge ws  (it.,  p  167 
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Riverton,  Va.: 

North    Branch    of    Shenandoah    River 
near: 

description Bull  140,  p  52; 

WS35,  p  88:  48,  p  118;  65, 
p  231;   82,  p  172;  97,  p  317 

discharge Ann  19,  i  v, 

p  137;  Bull  140,  p  52;  WS  35,  p  88;   18, 
p  118;   65,  p  231;   82,  p  173;  97,  p  317 

discharge,  monthly Ann  22,  iv,  p  135; 

WS  75,  p  36 

gage  heights WS  35,  p  89; 

48,  p  119;  65,  p  232; 
82,  p  173:   97,  p  318 

hydrograph Ann  22,  iv,  p  136 

rating  table WS  52,  p  511;  65,  p  319 

South  Branch  Shenandoah  River  near: 

discharge Ann  19,  iv,  p  138 

Riverton  Mine,  Mich. 
Iron  River  at: 

description WS  83,  p  259 

discharge WS  83,  p  260 

gage  heights WS  83,  pp  260-262 

slope WS  83,  p  260 

Riverville,  Conn. 

Middle  Branch  of  Byram  River  near: 

description WS  97,  p  123 

discharge WS  97,  p  123 

gage  heights WS  97,  p  124 

Roach  River  near — 
Roach  River,  Me.: 

description WS  65,  p  17; 

82,  pp  36-37;  97,  p  51 

discharge WS  82,  p  37 

discharge,  monthly WS  82,  p  38; 

97,  p  52 

gage  heights WS  65,  p  18; 

82,  p  37;  97,  p  51 

rating  tables WS  82,  p  38,  97,  p  52 

Roan  Creek,  Tenn.: 

in  Watauga  River  basin: 

discharge WS  49,  p  216 

near  Butler: 

description WS  48,  p  184; 

65,  p  299;  83,  p  232 

discharge WS  48,  p  184; 

65,  p299;  83,  p  233 

discharge,  monthly WS  83,  p  235 

gage  heights WS  48,  p  184; 

65,  p  299;  83,  pp  233-234 

rating  table WS  83,  p  234 

Roan  Mountain,  Tenn. 
Doe  River  near: 

discharge WS  49,  p  216 

Roanoke,  Va. 

Roanoke  River  near.    See  Roanoke  River. 
Tinker  Creek  near: 

discharge WS  27,  p  66 

Roanoke  River,  Va. 

description Ann  21,  iv,  p  110 

discharge Ann  19,  iv,  p  173 

near  Clarksville,  Va.: 

description WS  36,  p  108 

gage  heights WS  11,  pp  13-15 

near  Neal,  N.  C: 

description Ann  18,  iv,  p  47, 

WS  15,  p  28,  27,  p  25;  36, 
p  109;  48,  pp  131-132;  65, 
p242;  83,  pp  16-17;  98,  p  15 


Roanoke  River,  Va — Continued, 
near  Neal,  N.  C— Continued. 

discharge Ann  18,  iv,  p  48; 

WS  15,  p  28;  27,  p  44;  36,  p  109; 
48,  p  132;  65,  p  242;  83,  p  17 
discharge,  monthly. .  Ann  18,  iv,  p  50;  19, 
iv,  p  182;  20,  iv,  pp  139,  1  12; 
21,  iv,  p  111;  22,  iv,  p  152; 
WS  75,  p  54;  83,  p  18;  98,  p  16 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11 ,  p  15;  15,  p  28; 

27,  p  33;  36,  p  109;  48,  p  132; 
65,  p  243;   83,  p  17;   98,  p  15 

hydrographs Ann  19,  iv,  p  182;  20,  iv, 

pl42;  21,  iv,  p  111;  22, 
iv,  p  152;  WS  75,  p  54 

rainfall  and  run-off  relation Ann  20, 

iv,  p  139 

rating  tables Ann  IS,  iv,  pp  48-49; 

19,  iv,p  181;  WS27,  p  45; 
39,  p  443;   52,  p  512;   65, 
I-  320;   83,  p  18;   98,  p  If, 
near  Roanoke,  Va.: 

description Ann  18,  iv,  p  42;  WS  15, 

p24;  27,  p25;  36,  pp  107, 

108-109;    48,   p  130;   65,  p 

211;    83,   p   24;    98,    p   24 

discharge..  Ann  18,  iv,  p  42;  WS  15,  p  25; 

27,p44;  36,  p  107;  48,  p  130; 

65,  p  241;  83,  p  24;  98,  p  25 

discharge,  monthly  ..  Ann  20,  iv,  pp  139, 

140:  21,  iv,  p  110;  22,  iv,  p  151; 

WS  75,  p  53;  83,  p  25;  98,  p  26 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  11; 

15,  p  25;  27,  p  32;  36,  p  108;  48, 
p  131 ;  65,  p  242;  83,  p  24;  98,  p  25 

hydrographs Ann  20,  iv,  p  141 ; 

21,  iv,  p  110;  22,  iv, p  151 

rainfall  and  run-off  relation Ann  20, 

iv,  p  139 

rating  tables WS  39,  p  443;  52,  p  512; 

65,  p  319;  83,  p  25;  98,  p  26 
near  Weldon,  N.  C: 

description WS  36,  p  108 

Roanoke  River  basin: 

description Ann  19,  iv,  p  174; 

WS  83,  pp  15-16,  98,  pp  14-15 

rainfall  data Ann  20,  iv,  pp  137-138 

rainfall  and  river  stations: 

map Ann  20,  iv,  p  137 

rainfall  and  run-off  relation.  Ann  20,  iv,  p  139 

water  powers Ann  19,  iv,  pp  174-1 7<s 

Roanoke  River,  North  and  South  Forks  of: 

discharge Ann  19,  iv,  p  173 

Roaring  Creek,  Ga., 

in  Nolichucky  River  basin: 

discharge WS  49,  p  212 

near  Columbus: 

discharge WS  83,  p  128 

Roaring  Forks  near- 
Glen  wood  Springs,  Colo.: 

discharge WS  100,  p  93 

Roaring  River  in — 

Yadkin  River  basin: 

discharge WS  49,  p  204 

Roaring  Fork  of  Yampa  River  near- 
Lower  Stillwater,  Colo.: 

discharge WS  100,  p  103 
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Robare,  Mont. 

Birch  Creek,  near: 

discharge ws  49,  p  269 

Robe,  Wash. 

Stilaguamish  River  near: 

description WS  85,  p  223;  100,  p  474 

gage  heights WS  85,  p  224;  100,  p  IT.". 

Robersons  Creek  in- 
Broad  River  basin,  N.  C: 

discharge WS  49,  p  206 

Robinson  Creek,  Cal., 

in  Walker  River  basin: 

discharge WS  100,  p  230 

dear  Twin  Lakes,  Cal.: 

discharge WS  85,  p  125 

Robinson  Creek,  Nev. 
ditches  from: 

discharge WS  100,  pp  237-238 

Rochester.  X.  V. 

Genesee  River  near: 

description..  WS  65,  pp  139-140;  97,  p  398 

discharge WS  97,  p  399 

discharge, flood WS65,  pill; 

97,pp  100  i".; 
elevation  above  sea  level,  month- 
ly    WS  65,  p  111-142 

Rockaway  River  near— 
Boonton,  N.  J.: 

description ws  97,  p233 

discharge WS82,  pl27;  97,  p233 

discharge,  daily ws  97,  p  235 

gage  heights ws  97,  p  234 

Rock  Canyon,  <  lolo. 
Arkansas  River  near: 

discharge,  monthly Ann  LI,  ii,  p  97 

Ro<  k  « lanyon  i  !reek,  Utah: 

discharge ws  52,  p  509 

Rock  Creek,  Cal.: 

near  Round  Valley: 

description ws  L00,  p207 

discharge ws  L00,p  207 

gage  heights ws  100,  p  208 

Rock  '  Ireek,  Colo. 

in  Colorado  River  drainage  basin: 

discharge ws  85,  p  77 

near  Toponas,  Colo.: 

discharge ws  66,  p  98 

Rock  Creek,  D  C: 
in  Zoological  Park: 

description Ann  L9,  iv,  p  155; 

WS  15,  p22;  27,  p  10;  35,  p  94;  I8,p  125 
discharge..  WS  r>.  p22;  27,  p24;  48,  p  125 

gage  heights ws  15,  p  22; 

27,  p22;  35,  p  95;    Is.  p  L26 
Flock  Creek,  (ia.: 

in  Coosawattee  River  basin: 

discharge WS  49,  p  209 

in  Toccoa  River  basin: 

discharge ws  49,  p  218 

near  Flintstoiie: 

discharge WS  83,  p  235 

near  Ramsey: 

discharge ws  49,  p  209 

Rock  Creek,  Mont.: 
near  Shields  Creek, 

discharge Ann  11,  ii,  p  107 


Rock  Creek,  Nebr.: 

discharge Ann  is,  iv,  p  206; 

20,  iv,  p302;  ws  50,  p  311 
near  Ives,  Nebr.: 

discharge WS  84,  p  113 

Rock  Creek,  Nev.: 

near  Battle  Mountain: 

description Ann  18,  iv,  pp  308-309 

discharge Ann  18,iv,p310 

discharge,  monthly Ann  18,  iv,  j>  310 

discharge,  yearly Ann  20,  i  v ,  ] >  GO 

gage  heights ws  11,  p  75 

rating  table Ann  18,iv,p  310 

Rock  Creek,  N.C.,  in— 

Nolichucky  River  basin: 

discharge WS  49,  p  213 

Rock  Creek.  Wash.: 
near  Rock  Lake: 

description WSlOO.pp  115-416 

discharge ws  LOO,  p  416 

gage  heights ws  100,p416 

Rock  Creek,  Wyo.: 

description Ann  21,  iv,  p  192 

discharge Bull  131,  p  90 

near  Buffalo,  Wyo.: 

discharge Ann  13,  iii,  i>  72 

Rock  Creek  reservoir  project,  Nev. 

description Ann  18,  iv,  p  723; 

20,  iv,  pp  441-447 
Rockerville,  S.  Dak. 
Sprint;  Creek  near: 

discharge wsi'.i,  p272 

Rock-fill  dams 

described  and  figured..  Ann  18,  iv,  pp  627-649 
Rockfisb  Creek,  N.  C. 
near  Brunt,  N  C: 

description WS83,p48;  98,p29 

discharge WS83,p  19;  98,p29 

gage  heights WS83,p49;  98,  p  30 

water  powers Ann  19,  iv,  p  L87 

><<  also  Big  K'  ckfish  creek.  Little  Rock- 
fish  Creek. 
Rockfish  River  in— 
James  River  basin: 

discharge Ann  I9,iv,p  171 

Rockford  Bridge,  N.  V. 
Wallkill  River  near. 

discharge WS47,p36;  65,p73 

Rockhill.S.C. 

Catawba  River  near: 

description Ann  18,iv,p61; 

15,  p  35;  27,  p  27;  36,  pp  121-122;    18, 
p  111:   65,  p  248;   83,  p  71;  98,  p  13 

discharge Ann  18,iv,p61; 

WS  15,  p35;  27,  p  1  I;  36,  p  122;  48, 
pl44;  65,  p  248;  83,  p  71;  98,p43 

discharge,  minimum ws  36,  p  122 

discharge,  monthly Ann  18,  iv,  p  63; 

19,  iv,  p214;  20,  iv,  p  150;  21, 
iv.  p  121;  22,  iv,  p  157;  WS 
75,   p  59;  83,   p  73;  98,  p  45 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  17; 

15,  p  35;  27,  p  38;  36,  p  123;  48,  p 
145;  65,  p  249;  83,  p  72;  98,  pp  43-44 
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feockhill,  S.  C— Continued. 

Catawba  River  near — Continued. 

hydrographs Ann  18,  iv,  63; 

19,  iv,  p214;  20,  iv,  p  150;  21,  iv, 
p  124;  22,  iv,  p  157;  WS  75,  p  59 

rating  tables Ann  18,  iv,  p  62; 

19,  iv,  p  213;  WS  27,  p  45;  39,  p  444; 
52,  p  512;  65,  p  320;  83,  p  72;  98,  p  44 
Roekhouse  Creek,  N.  C,  in— 
Watauga  River  basin: 

discharge WS  49,  p  216 

Rockingham,  N.  C. 
Pedee  River  near: 

discharge WS  83,  p  68 

Rock  Island  Run  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  171 

Rock  Lake,  Wash. 
Rock  Creek  near: 

description WS  100,  pp  415-416 

discharge WS  100,  p  416 

gage  heights WS  100,  p  116 

Rockland,  Mich. 

Ontonagon  River  near: 

description WS  97,  p  497 

discharge WS  97,  p  498 

Rockmart,  Ga. 

Euharlee  Creek  near: 

discharge WS  83,  p  164 

Rock  Point  River,  Utah— 
below  weir: 

discharge WS  100,  p  128 

Rock  River  above  and  below— 

Pectonica  Creek  at  Rockton,  111.: 

description WS  98,  pp  193,  195-196 

discharge WS  98,  pp  194, 196 

discharge,  monthly WS  98,  p  195 

gage  heights WS  9S,  pp  194,  196 

rating  table WS  98,  p  195 

Rock  River  basin: 

description WS  83,  p  170;  98,  pp  192-193 

Rockton,  ill. 

Rock    River   near,    above   and    below 
Pectoniqa  Creek: 

description WS  98,  pp  193,  195-196 

discharge WS  98,  pp  194,196 

discharge,  monthly ws  lis,  p  195 

gage  heights -WS  98,  pp  194, 196 

rating  table WS  98,  p  195 

Rock  waters  of  Ohio,  by  Edward  Orton.  Ann  19, 

iv,  pp  633-717 
Rock  wood,  Me. 

Moose  River  near: 

description WS  82,  p  36;  97,  pp  49-50 

discharge WS  82,  p  36;  97,  p  50 

gage  heights WS  82,  p  36;  97,  p  50 

Rocky  Creek  near— 
Bozeman,  Mont.: 

discharge WS  15,  p  75 

Rocky  Ford,  Colo. 

Arkansas  River  near: 

description WS  16,  p  122; 

28,  p  108;  37,  pp  261-262:  50,  p  327; 
66,  p  51;  84,  p  126;  99,  pp  285-286 

discharge Ann  19,  iv,  p  353; 

WS16,  pl22;  28,  p  116;  37, 
p  262;   66,  p  52;    99,  p  286 


Rocky  Ford,  Colo.— Continued. 

Arkansas  River  near— Continued. 

discharge,  monthly Ann  20,  iv,pp329, 

338;21,iv,p234;  WS84,pl27;  99,  p 288 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights WS  16,  p  122;  28,  p  112; 

37,  p  262;  50,  p  327;  66, 
p52;  84,  p  127;  99,  p  287 

hydrographs Ann  20,  i  v,  p  339; 

21,  iv,  p.  235 

rainfall  and  run-oft  relation Ann  20, 

iv,  p  330 

rating  tables WS  28,  p  117;  39,  p  450; 

84,  p  127;  99,  pp  287-288 
canals  and  ditches  near: 

discharge Bull  131,  p  90 

flume  at  sugar  factory: 

discharge WS  99,  p  307 

rainfall  data Ann  20,  iv,  pp  326, 328,  330 

Rocky  Ford  ditch  near- 
Rocky  Ford,  Colo.: 

discharge Bull  131 ,  pp  90,  91 

Rocky  Mount,  N.  C. 
Tar  River  near: 

water  powers Ann  19,  i  v,  p  183 

Rocky  Rift  dam,  N.  Y. 
Mohawk  River  near: 

description WS  65,  p  165 

discharge WS  65,  p  166 

discharge,  daily WS  65,  p  166 

Rocky  River,  S.  C— 
near  Calhoun  Falls: 

discharge WS  83,  p  95 

Rocky  River  in— 

Lake  Erie  drainage  basin: 

description Ann  18,  iv,  p  467 

Rocky  Row  Run  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  1 70 

Rocky  Run  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  170 

Rodenbahs,  Nev. 

East  Carson  River  near: 

description Ann  14,  ii,  p  116; 

WS  100,  pp  177-178 

discharge WS  100,  p  178 

discharge,  monthly Ann  11,  ii,  p  102; 

12,  ii,  pp351,  360;  13,  iii,  p  95; 
14,ii,ppll6-117;  WS100,  pl80 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  59 

gage  heights WS  100,  pp  178-179 

hydrograph Ann  14,  ii,  p  116 

rating  table WS  100,  p  179 

Rodgers  ditch  in— 

Humboldt  River  basin: 

discharge WS  85,  p  124 

Roger  ranch,  Nev. 

Humboldt  River  near: 

discharge WS  100,  p  226 

Rogers  Ford,  Ga. 

Chattooga  River  near: 

discharge WS  49,  p  206 

Rome,  Ga 

rainfall  data Ann  20,  iv,  pp  177,  179,  181 
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Rome,  Ga.— Continued. 
Coosa  River  near: 

description WS  27,  p  48;  36,  p  148; 

48,  p  163;  65,  p  278; 
83,  p  146;  98,  p  149 

discharge WS  27,  p  57;  36,  p  148; 

is.  p  163;  65,  p278; 
83,  p  146;  98.  p  149 

discharge,  monthly Ann  20,  iv.  p  185; 

21,  iv,  p  149;  22,  iv,  p  199;  WS 
75,  p  90;  83,  p  148;  98,  p  151 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  27,  1 1  53; 

36.   p   119;  48,  p   164;  65,  p 
279;  83,  pp  146-1 47;  98,  p  150 

hydrographa Ann  20,  iv,  p  186; 

21,  iv,  p  149;  22,  iv,  p  199 

rating  tables WS  27,  p  58; 

39,  p445;  52,  p  514;  65,  p 
322;  83,  p  147;  98,   p  150 
Etowah  River  near: 

description WS  98,  pp  151-152 

discharge Ann  is,  iv,  p  109; 

19,  iv.  p252;  WS  98,  p  L52 

discharge,  monthly WS  98,  p  153 

gage  heights WS  98,  p  1 52 

rating  table WS98,  p  153 

i  (ostanaula  River  near: 

discharge Ann  is, 

iv,  p  109:  19,  iv,  p252 
Rome,  X.  V. 

.Mohawk  River  near: 

discharge ws  17,  p39 

Rondext'er,  Mont. 

Blacktail  Deer  Creek  near: 

discharge Ann  11,  ii,  p  iu7 

Rondout  Creek,  N.  Y. 

diversion    from,   to   Delaware   and    Hudson 

Canal WS  65,  pp  (>s  ti'.c.  97,  p  153 

near  Honk  Falls.  N.  Y.: 
near  Rosendale,  N.  Y.: 

description ws  65,  pp66-67; 

82,  p  111;  97,  p  153 

discharge ws  65,  p  68; 

82,  p  L12;  97,  pp  L54   155 

discharge,  daily WS97,ppl61   L63 

discharge,  monthly ws  97.  p  164 

diversions  from,  to  Delawareand  Hudson 

•  anal WS  82,  pill 

gage  heights ws  c>.">,  p  68; 

82,  pp  111.  L13;  97,  pp  L56   L58 

rainfall  data..   WS  97,  p  164 

rating  table ws  97,  pp  159-160 

description ws  65,  pp  69-70; 

82,  p  114;  97.  p  165 

water  powers WS  65,  p  70 

Roosevelt.  Ariz. 

Salt  River  at  reservoir  site  mar. 

description ws  100,  p  42 

discharge ws  100,  pp  42-43 

discharge,  monthly WS  100,  p  45 

gage  heights WS  100,  p  44 

Tonto  Creek  near: 

description WS  100,  p  45 

discharge WS  100,  p  46 

discharge,  monthly WS  100,  p  47 

gage  heights V7S  100,  pp  46-47 


Rosalia,  Wash. 

rainfall  data Ann  20,  iv,  pp  512,  514 

Rosasco  ranch,  Cal. 
Reed  Creek  near: 

discharge WS  100,  p  306 

Rose,  Cal. 

Fort  Tejon  Creek  near: 

discharge. Ann  18,  iv,  p  416 

Rose  flume  at  Rose's  ranch  in — 
Colorado  River  basin,  Ariz.: 

discharge WS  100,  p  126 

Rosendale,  N.  Y. 

Delaware  and  Hudson  Canal  at: 

discharge,  daily WS  97,  p  152 

Rondout  Creek  near: 

description WS  65,  pp  66-  67; 

82,  pill    97,  p  153 

discharge WS  65,  p  68; 

82,  pll2;  97.  pp  154-  i  ^ 
discharge, daily.......  VS 97, pp  161-163 

discharge,  monthly WS  97,  p  164 

diverted  water ws  82,  p  114 

gage  heights ws  65,  p  68; 

82,  pplll,  113;  97,  pp  156-158 

rainfall  data ws  97.  p  L64 

rating  tabic ws  97.  pp  L59  160 

Rosewood,  <  !al. 

rainfall  data WS  75,  p  228 

Rosv  ell,  Ga, 

Chattahoochee  River  near: 

discharge Ann  19,  iv,  p  '^10; 

WS  98,  p  127 
Vickerys  Creek  near: 

discharge ws  27,  p  45 

Roswell,  X.  Mex. 

Hondo  River  near: 

description WS  99,  pp  361-362 

discharge ws  99.  p  362 

gage  heights ws  99,  p  362 

-  Pecos  River  near: 

description ws  99,  p  360 

discharge ws  99,  p  360 

gage  heights ws  99,  p  361 

Rottonwood  Creek  near— 
Vining,  Ga.: 

discharge Ann  19,  iv,  p  240 

Roubideau,  <  !olo. 

Gunnison  River  near: 

description WS  16,  p  140 

gage  heights ws  it;,  p  1 10 

Roubidoux  Ditch.  <  al. 
Santa  Ana  River  near: 

discharge ws  28,  p  19 

Round  Valley,  Cal. 
Owens  River  near: 

description ws  100,  p  206 

i  lischarge WS  100,  p  206 

gage  heights WS  100,  p  207 

Pine  Creek  near: 

description WS  100,  p  208 

discharge WS  100,  p  209 

gage  heights WS  100,  p  209 

Rock  Creek  near: 

description WS  100,  p  207 

discharge WS  100,  p  207 

gage  heights WS  100,  p  208 
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Rowelsburg,  VV.  Va. 
Cheat  River  near: 

description WS  36,  p  161 

Rowlandsville,  Md. 

Octoraro  Creek  near: 

description Ann  18,  iv,  p  16; 

20,  iv,  pp  110-111;  21,  iv,  p  93;  WS 
15,  p  12;  27,  p  10;  35,  pp  81-82 

discharge Ann  18,  iv,  p  16; 

WS  15,  p  12;  27,  p  23;  35,  p  82 

discharge,  monthly Ann  19,  iv,  p  128; 

20,  iv,  pill;  21,  iv,  p  93 

discharge,  yearly Ann  20,  iv,  p  48 

gage  heights WS  15,  p  12; 

27,  p  17;  35,  p  82 

hydrographs Ann  19,  iv,  p  129; 

20,  iv,  pill;  21,  iv,  p  93 

rating  tables Ann  19,  iv,  p  128; 

WS  27,  p  24;  39,  p  442 
Ruby  Creek- 
near  Laurin,  Mont.: 

discharge Ann  11,  ii,  p  107;  13,  iii,  p  51 

Ruize  Creek 

Santa  Ynez  River  basin,  Cal.: 

discharge WS  100,  p  346 

Rule  Creek,  Colo.,  near — 
mouth: 

discharge WS  99,  p  309 

Rumford,  Me. 

Androscoggin  River  at: 

description WS  35,  p  27 

Rumford  Falls,  Me. 

Androscoggin  River  near: 

description. .  Ann  20,  iv,  p  66;  WS  27,  p  9; 
47,  pp  31-32:  65,  p  20; 
82,  p   42;    97,   pp  62-63 

discharge,  daily Ann  20,  iv,  pp  67-69; 

27,  pp  14-16;  35,  p  38;  47,  p  32; 

65,  p  21;   82,  p  43;    97,  p  63 

discharge,  monthly.  Ann  19,  iv,  pp  93-94; 

20,  iv,  p  70;  21,  iv,  p  57;  22,  iv, 

p  60;    WS  75,  p  22;    82,  p  43 

discharge,  yearly Ann  20,  iv,  p  46; 

20,  iv,  p  71 

hydrographs Ann  19,  iv,  pp  94, 95; 

20,  iv,  p  67;  21,  iv,  p  57;  22,  iv,  p  60 

rainfall  and  run-off  relation Ann  19, 

iv,  pp  96-97;  21,  iv,  p  57 

water  powers Ann  19,  iv,  pp  90-91 

dams  and  canals  at: 

diagram Ann  20,  iv,  p  66 

rainfall  data  . . .  Ann  20,  iv,  p  72;  WS  35,  p  27 
rainfall  and  run-off  relation . .  Ann  20,  iv,  p  72 
See  also  WS  69. 
Rum  River  near- 
Saint  Francis,  Minn.: 

description WS  98,  p  175 

discharge WS  98,  p  175 

gage  heights WS  98,  p  176 

Rum  River  basin: 

description WS  98,  p  175 

Run-off: 

depth  of Ann  13,  iii,  pp  13-15; 

14,  ii,  pp  149-152 
rate  of Ann  14,  pp  152-154 


Run-off  and  rainfall 

relation  between Ann  11,  ii,  pp  27-30; 

12, ii,  pp  230-231 
See  also  names  of  rivers. 
Rush  Creek,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  214 

Russell,  Kans. 

Saline  River  near: 

discharge Ann  19,  iv,  p  351 

Russian  River  near— 
Healdsburg,  Cal.: 

discharge WS  100,  p  305 

Ruthburg,  Idaho. 

rainfall  data Ann  20,  iv,  pp  470,  472,  474 

S. 

Sabael,  N.  Y. 

Indian  River  near: 

discharge WS  47,  p  39 

Sabine  River  near— 
Longview,  Tex.: 

description WS  99,  p  322 

discharge WS  99,  p  322 

Sabine  River  basin: 

description WS  84,  pp  140-141;  99,  p  322 

Sabinal  River  near— 
Sabinal,  Tex.: 

description Bull  140,  pp  84-85 

discharge Bull  140,  p  85 

Sabone  River  at— 

St.  Louis  Southwestern  Railroad  crossing: 

discharge WS  84,  p  141 

Saco,  Me. 

Saco  River  near: 

discharge Ann  19,  iv,  p  111 

Saco  River  near- 
Center  Conway,  N.  H.: 

description WS  97,  p  69 

discharge WS  97,  p  69 

gage  heights WS  97,  p  69 

Saco,  Me.: 

discharge Ann  19,  iv,  p  111 

Saco  River  basin,  Me.: 

description Ann  19,  iv,  p  108;  WS  97  p  68 

drainage  areas Ann  19,  iv,  p  108 

elevations Ann  19,  iv,  p  109 

map Ann  19,  iv,  p  84 

storage  facilities Ann  19,  iv,  p  111 

water  powers Ann  19,  iv,  pp  109-111; 

WS  69,  pp  105-109 
Sacramento  River,  Cal.: 

description Bull  140,  pp  249-250 

discharge WS  85,  pp  156, 157 

near  Collinsville,  Cal.: 

discharge,  yearly Bull  140,  pp  311,312 

near  Iron  Canyon,  Cal.: 

description WS  85,  pp  137-138; 

100,  pp  278-279 

discharge WS  66,  p  167; 

85,  p  140;  100,  p  279 

discharge,  monthly WS  85,  p  141; 

100,  p  280 
gage  heights  ....  WS  85,  p  110;  loo,  p  279 
rating  tables WS  85,  p  141;  100,  p  280 
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Sacramento  River,  Cal.— Continued. 
near  Jellys  Ferry,  Cal.: 

cross  section Ann  18,  iv,  p  367 

description Ann  18,  iv,  pp  265-267: 

Bull  140,  pp  250-252;  WS  16,  p  185; 
28,  p  177;  38,  pp  387-388;  51,  p  450; 
66,  p  142;   85,  pp  137-138;  100,  p  278 

discharge Ann  18,  iv,  p  367; 

Bull  140,  p  252;  WS  16, 
p  185;  28,  p  185;  38,  p 
388;  51,  p  450;  66,  p  143 

discharge,  low  water Ann  20  iv, 

p  526;  22.  iv,  p  495;  WS28, 
p  193;  39,  p  432;   51,  p  480 

discharge,  monthly Ann  18,  iv,  p  369; 

19,  iv,  p509;  20,  iv,  p.VJT; 
21,  iv,  p  446; 22,  iv,  p  162; 
WS   75,  p  210;   85,  p  139 

discharge,  yearly Ann  20,  iv.  p  63 

gage  heights Bull  140,  p  254; 

WS  11,  p  89;  16,  p  186;  28,  p  182;  38, 
p  389;  51,  p  451;  66,  p  143;  85,  p  138 

hydrographs Ann  18,  iv,  p369; 

19,  iv,  p. 510;  20,  iv,  p  5'27; 
21,  iv,  ].  417:  WS75,p210 

rating  tables Ann  18,  iv,  p  368; 

19,  iv,  p  509;  WS  28,  p  186;  39,  p 
155;  52,  p  523:  66,  p  177;  85,  p  139 
near  Redbluff,  Cal.: 

description Ann  18,  iv,  pp  362-363; 

Bull  131,  p  76;  140,  pp 
250-252;  WS  16,  p  185;  85, 
pp  137-138;  100,  pp  278-279 

discharge Ann  18,  iv,  p  Slip, 

Bull  131,  p92;  140,  p  252; 
WS  66,  ]>  167;  100,  p  279 

discharge,  monthly Ann  18,  iv,  p  365; 

Bull  140,  p  253;  WS  85, 
pp  139,  141;  100,  p  280 

gage  heights Bull  131, 

pp  76-77;  U0,  p  253;  WS  11,  p  89; 
16,  i>  186;  85,  pp  138,  140;  100,  p  'J79 

hydrograph Ann  18,  iv,  p  366 

rating  tables..  Ann  IS,  iv,  p  864;  Bull  140, 
P  253;  WS  85,  pp  139,  141;  100,  p  280 
Tehama  bridge,  Cal.: 

gage  heights Bull  131 , 

pp  77-78;  140,  pp  254-255 

soundings  in Bull  110,  p  250 

discharge WS  66,  p  167 

Sacramento  River  basin,  Cal.: 

description Ann  12,  ii,  pp  316-324;  19,  iv, 

p508;  21,  iv,  pp  ill;  Bull  131,  p  7.". 

rainfall  data WS  75.  1 1  228 

Sacramento  River,  Upper,  Cal. 

discharge WS  lit'.,  p  167 

Sage  Creek  near— 
Hayden,  Colo.: 

discharge WS  66,  p  98 

Sageeyah,  Ind.  T. 

Verdigris  River  near: 

discharge Ann  19,  iv,  pp  369,  372 

Saint  Anthony,  Idaho 
Teton  River  near: 

description WS  100,  p  453 

discharge WS  100,  p  453 

discharge,  monthly WS  100,  p  455 

gage  heights WS  100,  p  454 

rating  table WS  100,  p  454 


Saint  Anthonys  Falls 

Mississippi  River  near: 

discharge Ann  22,  iv,  p  219 

Saint  Charles  River  below— 
Beulah,  Colo.: 

discharge Bull  131,  p  90 

Saint  Clair  Creek,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  214 

Saint  Cloud,  Colo. 

rainfall  data Ann  20,  iv,  pp  257,  258,  265 

Saint  Croix  River,  Me. 

description Ann  19,  iv,  pp  43-47; 

WS  82,  pp  12-14;  97,  pp  19-20 

drainage  areas Ann  19,  iv,  p  45 

elevations Ann  19,  iv,  pp  47-50 

map Ann  19.  iv,  p  44 

near  Baring,  Me.,  at  Spragues  Falls: 

description WS  82,  p  14;  97,  p  20 

discharge WS  97,  p  20 

discharge,  daily WS  97,  p  22 

discharge,  monthly WS  97,  p  23 

gage  heights WS  82,  p  14;  97,  p  21 

rating  table WS  97,  p  21 

near  Calais,  Me.: 

water  power Ann  19,  iv,  pp  51-52 

profile Ann  19,  iv,  p  49 

water  powers WS  69,  pp  20-27 

Saint  Croix  River,  West  Branch,  Me.: 

description Ann  19,  iv,  p  52 

Saint  Croix  River,  Minn.,  near- 
Taylors  Falls: 

description WS  98,  pp  176-177 

discharge..  Ann  22,  iv,  p  219:  WS98,  pl77 
Saint  Croix  River  basin,  Minn.: 

description WS  98,  p  176 

Saint  Francis,  Minn. 
Rum  River  mar: 

description WS  98,  p  175 

discharge WS  98,  p  175 

gage  heights WS98, 176 

Saint  James,  Mo. 

Dry  Fork  of  Meramec  River  near: 

description WS  99,  p  242 

discharge WS  99,  p  242 

gage  heights WS  99,  p  242 

Saint  John  River  drainage  basin,  Me.-N.  B.: 

description "WS  97,  pp  14-16 

drainage  areas WS  97,  p  16 

See  also  WS  69,  pp  109-112 
Saint  Johns,  Quebec. 

Richelieu  River  near: 

discharge WS  97,  p  343 

gage  heights WS  97,  p  341 

Saint  Johnsbury  Center,  Vt. 
1'assumpsic  River  near: 

description WS  97,  p  88 

discharge WS  97,  p  89 

gage  heights WS  97,  p  89 

Saint  Johns  Run  in— 
Potomac  River  basin: 

discharge Ann  19,  iv,  p  135 

Saint  Joseph  River: 

description Ann  18,  iv,  p  470; 

22,  iv,  pp  262-264;  WS  49,  pp  253-257 
near  Buchanan,  Mich.: 

description WS  83,  pp  262-263; 
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Saint  Joseph  River— Continued. 

near  Buchanan,  Mich.— Continued. 

discharge,  daily WS  83,  pp  263-264 

discharge,  monthly WS  83,  p  265 

near  Mendon,  Mich.: 

description  . .  WS  83,  pp  265-266;  97,  p  462 

discharge WS  83,  p  266;  97,  p  463 

gage  heights WS  83,  p  266;  97,  p  463 

water  powers WS  83,  p  266 

near  South  Bend,  Ind.: 

discharge WS  49,  p  257 

water  powers WS  49,  pp  255-256 

Saint  Joseph  River  basin: 

description WS  83,  p  262 

drainage  areas Ann  22,  iv,  p  262 

map Ann  22,  iv,  p  263 

water  powers Ann  22,  iv,  pp  263-266 

Saint  Joseph  of  the  Maumee  River: 

description Ann  18,  iv,  p  469 

Saint  Lawrence  River  near- 
Montreal,  Canada: 

description WS  36,  pp  193-194 

discharge WS  36,  p  194 

Saint  Lawrence  River  basin: 

description. . .  WS  65,  pp  31-32;  97,  pp  338-339 
Saint  Louis  River  near— 
Cloquet,  Minn.: 

description WS  97,  p  498 

discharge. . . .  Bull  131,  p  92;  WS  97,  p  498 

gage  heights WS  97,  p  499 

Saint  Mary,  Mont. 

St.   Mary  River  near.    See   St.   Mary  River 

below. 
Swiftcurrent  Creek  near: 

description.  WS  85,  p  229;  100,  pp  479-480 

discharge WS  85,  p  229;  100,  p  480 

discharge,  monthly WS  85,  p  231; 

100,  p  482 

gage  heights WS  85,  p  230;  100,  p  481 

rating  tables WS  85,  p  230;  100,  p  481 

Saint  Mary  canal,  Mont.: 

cost  of  construction Ann  22,  iv,  p  275-276 

intake  of Ann  22,  iv,  pp  273-274 

route Ann  22,  iv,  pp  274-275 

Saint  Mary  Lake,  Mont.: 

description Ann  22,  iv,  pp  437-439 

Saint  Mary  River,  Mont. : 

description Ann  22,  iv,  pp  268-271 

discharge WS  36,  p  177 

diversion  of,  proposed.  Ann  22,  iv,  pp  268-279 
near  Cardston,  Alberta: 

description .  WS  85,  p  225;  100,  pp  476-477 

discharge WS  85,  p  225;  100,  p  477 

discharge,  monthly WS  100,  p  479 

gage  heights WS  85,  p  226;  100,  p  478 

rating  table "WS  100,  p  478 

near  Main,  Mont.: 

description WS  66,  pp  14-15; 

75,  p  113;  85,  p  226 

discharge WS  49,  pp  269; 

66,  p  15;  85,  p  227;  100,  p  504 

discharge,  monthly WS  75,  p  113; 

85,  p  228 

gage  heights WS  66,  p  15;  85,  p  227 

rating  tables WS  66,  p  170;  85,  p  228 

near  St.  Mary,  Mont.: 

description WS  85,  p  231; 

100,  pp  483-484 


Saint  Mary  River,  Mont.— Continued, 
near  St.  Mary,  Mont.— Continued. 

discharge WS  85,  p  232;  100,  p  484 

discharge,  monthly WS  85,  p  233; 

100,  p  486 

gage  heights WS  85,  p  232; 

100,  pp  484-485 

rating  tables WS  85,  p  233;  100,  p  485 

Saint  Mary  River  in — 
Maumee  River  basin: 

description Ann  18,  iv,  p  469 

Saint  Michael,  Nebr. 

South  Loup  River  near: 

discharge..  Ann  19,  iv,  p  335;  20,  iv,  p  300 
Saint  Paul,  Minn. 

Mississippi  River  near: 

description Ann  20,  iv,  p  230; 

WS  36,  p  194 

discharge Ann  22,  iv,  p  219 

discharge,  monthly Ann  19,  iv, 

pp  268-270;  20,  iv,  p  230 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights WS  36,  p  195; 

49,  p  260;  65,  p  313 

hydrographic  features Ann  22,  iv, 

pp  210-218 

rainfall  and  run-off  relation Ann  20, 

iv, p  231 

rating  table Ann  19,  iv,  p  267 

Saint  Paul,  Nebr. 

Middle  Loup  River  near: 

correction  table Ann  19,  iv,  p  325 

description Ann  18,  iv,  p  179 

Bull  140,  pp  115-116;  WS  15, 
p  96;  37,  pp  238-239;  99,  p  150 

discharge Ann  18,  iv,  p  180; 

19,  iv,  p  324;  WS  15,  p  96; 

37,  p  239;  84,  p  92;  99,  p  150 

discharge,  daily.. .  Ann  18,  iv,  pp  180-181 

discharge,  monthly Ann  19,  iv,  330; 

21,  iv,  p  213;  Bull  140, 
p   117;   WS  99,   p   152 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  116; 

WS  15,  p  96;  37,  p  240;  99,  p  151 

hydrographs Ann  18,  iv,  pp  180,  181; 

21,  iv,  p  213 

rating  tables Ann  19,  iv, 

pp  324,  325-326;   Bull  140,  p 
116;  WS  39,  p  448;  99,  p  151 
North  Loup  River  near: 

description...  Ann  18,  iv,  pp  176, 177-179; 
Bull  140,  p  114;  WS  15,  p  95; 
37,  pp  237-238;  99,  pp  147-148 

discharge Ann  18,  i v,  p  176; 

WS  15,  p  95;  37,  p  238;  99,  p  148 

discharge,  daily Ann  18,  iv,  p  178 

discharge,  flood  .-. Ann  18,  iv, 

pp  177,  178-179 

discharge,  monthly Ann  19,  iv.  p  329; 

20,    iv,  p  264:   21,   iv,  p  212; 
Bull  140,  p  115;  WS  99,  p  149 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  115: 

WS  15,  p  95;  37,  p  238;  99,  pp  148-149 

hydrographs Ann  18,  iv,  p  178; 

19,  iv,  p  329;  21,  iv,  p  212 
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Saint  Paul,  Nebr.— Continued. 

North  Loup  River  near— Continued. 

rainfall  and  run-off  relation Ann  20, 

iv,  p  266 

rating  tables Ann  18,  iv,  p  177 

19,  iv,p328;  Bull  140,  p  114; 
WS    39,    p    448;    99,   p   149 
Saint  Stephen,  S.  C. 
Santee  River  near: 

description WS  36,  p  L26 

Saint  Vrain  Creek  near- 
Lyons,  Colo.: 

description Annl8,  iv,  p  172;  Bull 

140,  pp  L09-110;  WS  L5,  p  93;  --'7.  p 
77;  37,  i-  232:  19,  pp  288  289;  66, 
p  34;    84,    pp  si  82;    99,    pp    L93  l'.M 

discharge Ann  18,  iv,  p  173; 

Bull  140,  p  L10;  WS  15,  p93;  27,  p  86; 
37.  p232;  49,  p  289;  66,  p  34;  99,  pl94 

discharge,  monthly Ann  13,  iii,  p  93; 

18,  iv.  p  171:  19,  iv,  p  320; 
20,  iv.  pp  264,  285;  21,  iv, 
p208;  22,  iv,  p325;  WS  75, 
ppl29,  L36;  84,p84;  99,pl95 

discharge,  yearly Ann  20,  iv,  pp  54-55 

gage  heights....  WSll,p55;  L5,  p  93;  27, 
p  83;  37,  p232  233;  19,  p  289; 
66,  p35;  84,pp82  83;  99,  p  194 

hydrographs Ann  13,  iii.  p  88; 

L9,  iv.  p321;  20,  iv,  p  286; 
21,  iv.  i-  209;   22,  iv.  p  325 

rainfall  and  run-off  relation Ann  20, 

iv,  i>  266 

rating  tables Ann  Is,  iv,  p  171; 

19,  iv.  p  320:  WS  27.  p  89;  39,  p  148; 
52,  p517;  f,r,,  pi71:  84,  p  83;  99,  pl95 

seepage  computations ws  50,  p  304 

Salado  River,  Tex.: 

discharge wsm,  p  L48 

Salem.  \'a. 

rainfall  data Ann  2d.  iv.  pp  137,138,  L39; 

WS75,  pp  15,  18,  50 
SalesA  ille,  Mont. 

\\  esl  <  fallal  in  River  near: 

description Ann  14, ii,  p  L01;  18,  iv, 

p  124;  19,  iv.  p  275;  Bull  1  10,  pp 

86  87;  WS  i:>,  p  66;  36,  pp  195 

L96;  19,  pp  260  261;  66,  pp  16-17; 

84,    pp    in-  11:     99,    pp     126  127 

discharge.  Ann  18,  iv,  p  125;  Bulll31,  p90; 

110.  p86;  ws  15,  p66;  27,  pp 

68,  71;  36.  ]»  l'.M,;     19,    p  261; 

66,  p  17;    84,  p   11:    99,  p   127 

discharge,  monthly Ann  14,  ii,  p  102; 

is.  iv,  p  126;  19,  iv.  p  276;  20, 
iv.  pp  231,  211:  21,  iv,  p  Is);  22, 
iv,  p280;  Bull  110.  p88;  WS  75. 
pp  117,  US;  84,  p  43;  99.  p   L29 

discharge,  yearly Ann20,iv,p52 

gage  heights Bulll40,  p  87; 

WS11,  p47;  15,  p  66;  27,  p 
69;  36,  p  196;  49,  p  261;  66, 
pl7;84,  p42;99,  ppl27  L28 

hydrographs Ann  18,  iv,  p  126; 

19,  iv,  p  277;  20,  iv,  p 
241;  21,  iv,  p  185;  22, 
iv,  p  281;  WS  75,  p  119 


Salesville,  Mont.— Continued. 

Wist  Gallatin  River  near— Continued. 

rainfall  and  run-off  relation. .  Ann  20,  iv, 
p235;  WS75,  p  118 

rating  tables Ann  18,  iv,  p  125; 

19,  iv,  p276;  Bull  110,  p 
87;  WS  27,  p  75;  39,  p 
446;  52,  p  516:  66,  p 
170;  84,  p  42;  99,  p  128 
Salida,  Colo. 

Arkansas  River  near: 

description Ann  18,  iv,  p  224; 

Bull  140,  p  155;  WS  16,  p  118;  28,  p 
107;  2,7,  p  25s;  50,  pp  322-323;  66,  pp 
47-48;  81,  pp  136-137;  99,  pp  301-302 

discharge Ann  18,  iv,  p  224; 

WS16,  pll8;  28,  p  116; 
37,  p  258;  50,  p  323;  66, 
p  48;  84,  p  137;  99,  p  302 

discharge,  monthly Ann  18,  iv.  p  221; 

19,  iv,  p  355;  20,  iv,  pp  329, 
331;21,iv,p230;22,iv,p340; 
WS  84,    p    138;    99,   p  304 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights Bull  l  to.  p  L56; 

WS  16,  i'  lis;  28,  p  110;  37,  p  258;  50, 
p323;  66,  p48;  84,  pl37;  99,  pp  302-303 

hydrographs Ann  19,  iv,  p  355; 

21,  iv,  p230;  22,  iv,  p  340 

rating  tables Ann  18,  iv,  p  225; 

19.  iv.  p  354;  WS  28,  p  117;  39,  p 
450;  52,  p  518;  84,  p  138;  99,  p  303 
Balina,  Knn\ 

rainfall  data Ann  20, iv, pp  306, 310, 313 

Saline  River  near: 

description WS  16,  p  113; 

27,  p90;  37,  p  250;  50,  p  315; 
66,  p  44;  84,  p  108;  99,  p  227 

discharge ws  16,  p  113; 

27,  p'.t.v  37,  p250;  50,  p  315; 
66,  p   II.  84,  p  108;  99,  p  228 

discharge,  monthly Ann  19,  iv,  p  346; 

20,  iv,  pp  312,  316;  21,  iv, 
p224;  22,  iv,p335;  WS  75, 
p  1  12;  84,  p  110;  99,  p  230 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights WS16,  pll3; 

27,  p  93;    37,  p   251;    50,  p  316; 
60,  p  15;  84,  pp  108-109;  99,  p  228 

hydrographs Ann  19,  iv,  j>  316; 

2ii,  i  v.  p  316;  21,  iv.  p  225;  22,  iv,  p335 

rainfall  and  run-Off  relation Ann  20, 

iv,  p  313 

rating  tables Ann  19,  iv,  p  315; 

WS27.  p96;  2,9.  p  119;  52,  p  517; 
66,  p  172;   84,  p  109;  99,  p  229 
Salina,  Utah 

Saline  Creek  near.    Set  Saline  Creek. 

Salina  Creek  near — 
Salina,  Utah: 

description...  WS51,p423;  66  op  124-125 

discharge WS  51,  p  423;  100,  p  224 

discharge,  monthly Ann  22,  iv,  p  417; 

WS  75,  p  196 

gage  heights WS  51,  p  424;  66,  p  125 

hydrograph Ann  22,  iv,  pus 
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Salinas  River  near- 
Salinas,  Cal.: 

description WS  51,  p  454;  66,  p  156 

discharge.  WS  51,  pp  455,481;  66,  pp  156, 167 

discharge,  low-water. . .  Ann  22,  iv,  p  497; 

WS  51,  p  481 

discharge,  monthly Ann  22,  iv,  p  469; 

WS  75,  p  221 

gage  heights WS  51,  p  455;  66,  p  157 

hydrograph Ann  22,  iv,  p  469 

rating  tables WS  52,  p  523;  66,  p  17s 

Salinas  River  basin,  Cal.: 

description Ann  22,  iv,  p  468 

ditches  in: 

discharge WS  100,  p  307 

reservoir  sites  in: 

description Ann  22,  iv,  pp  484-486 

Saline  River,  Kans. 

description Ann  19,  iv,  p  343 

near  Beverly,  Kans.: 

description Ann  18,  iv,  p  210; 

Bull  140,  pp  140-141;  WS  1(1.  p  112 

discharge Ann  18,  iv,  p  211; 

Bull  140,  p  141;  WS  16,  p  112 

discharge,  monthly...  Ann  18,  iv,  p  212; 

19,  iv,p344;  20,  iv,  p312;  Bull  140,  p  142 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights Bull  140,  p  141 ; 

WS11,  p58;  16,  pll2 

hydrographs Ann  18,  iv,  p  212; 

19,  iv,  p  345 
rainfall  and  run-off  relation..  Ann  20,  iv, 

p313 

rating  tables Ann  18,  iv,p211; 

19,iv,p344 
near  Russell,  Kans.: 

discharge Ann  19,  iv,  p  351 

near  Salina,  Kans.: 

description WS  16,  p  113; 

27,  p  90;  37,  p  250;  50,  p  315; 
66,  p  44;  84,  p  108;  99,  p  227 

discharge WS  16,  p  113; 

27,  p95;  37,  p2.r>0;  50,  p315; 
66,  p  44;  84,  p  108;  99,  p  228 

discharge,  monthly Ann  19,  iv,  p  346; 

20,  iv,  pp  312,-316;  21,  iv, 
p224;  22,  iv,  p  335;  WS  75, 
P  1  12;   84,  p  110;  99,  p  230 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights WS  16,  p  113;  27,  p  93; 

37,  p  251;  50,  p  316;  66,  p  45; 
84,  pp  108-109;    99,    p    228 

hydrographs Ann  19,  iv,  p  346; 

20,  iv,  p  316;  21, iv, 
p  225;  22,  iv,  p  335 

rainfall  and  run-off  relation Ann  20, 

iv,  p  313 

rating  tables Ann  19,  iv,  p  345; 

WS  27,  p  96;  39,  p  449;  52,  p  517; 
66,  p  172;  84,   p  109;  99,  p  230 
Salisbury,  N.  C. 

Yadkin  River  near: 

description Ann  IS,  iv,  p  57; 

WS  15,  p32;  27,  p  26;  36,  pp 
116-117;  48,  pp  139-140;  65, 
p  246;  83,  pp  61-62;  98,  p  32 


Salisbury,  N.  C— Continued. 

Yadkin  River  near— Continued. 

discharge Ann  18,  iv,  p  58; 

WS  15,  p  32;  27,  p  4.4;  36, 
p  117;  48,  p  140;  65,  p 
216;  83,  p§2,  61;  98,  p  33 

discharge,  minimum W8  36,  p  119 

discharge,  monthly Ann  18,  iv,  p  59 

19,  iv,  p  201;  20,  iv,  p  146 
21,  iv,  p  120;  22,  iv,  p  156 
WS  75,  p  57;  83,  p  64;  98,  p  34 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  17; 

15,  p  32;  27,  p  36;  36,  p  117;  48,  p 
140;  65,  p  246;  83,  p  63;  98,  p  33 

hydrographs Ann  is,  iv,  p59;  19,  iv, 

p  201;  20,  iv,  p  147;  22, 
iv,  p  156;  WS  75,   p  57 

rating  tables Ann  IS,  iv,  p  58; 

19  iv,  p  200;  WS  39, 
p  443;  52,  p  512;  65,  p 
320;  83,  p  63;  98,  p  34 
Sallacoa  Creek,  Ga.: 

discharge Ann  19,  iv,  p  252;  WS  36,  p  145 

Sally  Creek  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  171 

Salmon  Creek,  Cal.: 

in  Kern  River  basin: 

discharge WS  100,  p  307 

reservoir  site  on: 

description Ann  22,  iv,  p  487 

Salmon  Creek,  Wash.: 
near  Malott: 

description WS  100,  pp  389-390 

discharge WS  100,  p  390 

discharge,  monthly WS  100,  p  392 

gage  heights WS  100,  p  391 

rating  table WS  100,  p  391 

Salmon  Falls  River,  N.  II.: 

fall Ann  22,  iv,  p  65 

water  powers Ann  22,  iv,  pp  66-71 ; 

WS  100,  p  39 
Salmon  Falls  River  and  tributaries: 

description Ann  22,  iv,  pp  63-66 

drainage  areas Ann  22,  iv,  p  64 

map Ann  22,  iv,  p  64 

rainfall  data Ann  22  *v   o  63 

Salmon  River,  N.  Y.: 
near  falls: 

discharge,  monthly WS  35,  p  24 

near  Orwell,  N.  Y.: 

description WS  36,  pp  190-191 

near  Pulaski,  N.  Y.: 

description WS  49,  p  234; 

65,  p  105;  82,  pp  64,  65;  97,  p  373 

discharge WS  47,  p  39;  49,  p  234; 

65,  p  106;  82,  p  64;  97,  p  374 

discharge,  daily WS  65,  pp  106-107; 

82,  p  65;  97,  p  377 

discharge,  monthly WS  65,  p  107; 

82,  p65;  97,  p  377 

gage  heights WS  49,  p  234;  97,  p  375 

rating  table WS  97,  p  376 

water  | K.wcrs WS  65,  p  106 
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Salt  Creek,  Cal.,  in— 

San  Joaquin  River  basin: 

description Bull  140,  p  258 

Salt  Creek,  Nebr.,  near- 
Lincoln: 

description Bull  140,  p  123 

discharge Ann  19,  iv,  p  335; 

Bull  140,  p  123;  WS  50, 
p  311;  66,  p  43;  84.  p  93 
Salt  Creek,  Va.,  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  170 

Salt  Creek,  Wyo.,  near- 
Newcastle: 

discharge ws  49,  p  272 

Salt  Lake  basin: 

description Ann  11,  ii,  pp  66  77 

canals  in: 

discharge Ann  11,  ii,  p  109 

Salt  Lake  City,  Utah: 

evaporation  investigations..  Ann  12,  ii,  p  338 
Big  Cottonwood  Creek  near: 

description ws  51,  p  422 

discharge,  daily . .  ws:i\  p344;  51,  p  123 
City  Creek  near: 

description WS  51,  p  120 

discharge,  daily WS61,  p  120 

Little  Cottonwood  Creek  near: 

discharge,  daily ws:;\  pp343  344 

Mill  Creek  near: 

description ws  51,  p  422 

discharge,  daily  ..  ws:;\  p345;  51,  p  122 
Parleys  Creek  near: 

description wsiii,  p  (21 

discharge,  daily ws  51,  p  421 

rainfall  data Ann  20,  IV,  pp  100, 

454,  157,  168;  22,  iv,  pp  34,  35 
Saltpeter  Creek  in— 

James  Liver  basin,  \'a.: 

discharge Ann  19,  iv,  p  170 

Salt  River,  Ariz.: 

above  junction  with  the  Verde: 

discharge Ann  11,  ii,  p  62 

discharge,  monthly Ann  12,  ii.  p  311; 

18,  iv,  p  298;  Bull  140,  pp  206  207 

hydrograph Ann  18,  iv,  p  298 

above  month: 

discharge ws  loo,  p  161 

Arizona  dam  on: 

description Bull  131,  pp  19  50 

discharge ws  38,  p  22 

in  pass,  Wyo.: 

discharge Bull  131,  p  91 

near  Arizona  dam,  Ariz.: 

discharge,  monthly  —  Ann  11,  ii,  p  lOO; 

12,  ii,  313,  pp860;  13,  iii,  p  95 

discharge,  yearly Ann  13,  iii, 

p  99;  20,  iv,  p  59 
near  Livingstone,  Ariz.: 

description WS  85,  p  25 

discharge WS  85,  pp  26-27 

discharge,  monthly WS  85,  p  29 

gage  heights WS  85,  p  28 

rating  table WS  85,  p  28 

ti car  McDowell,  Ariz.: 

description...  Ann  19,  iv,  pp  418-419,  420- 
421;WS16,pl48;  28  p,  133;  38, 
p321;  50,  pp  386-387;  66,  p  101; 
85,   pp  23-24;    100,  pp   36-37 


Salt  River,  Ariz.— Continued. 

near  McDowell,  Ariz.— Continued. 

discharge Ann  19,  iv,  p  419;  WS  16, 

p  148;  28,  p  143;  38,  p  321;  66, 
p  102;  85,  p  24;   100,  pp  38-39 

discharge,  monthly Ann  20,  iv, 

p  406;  21,  iv,  p  386;  WS  75, 
p  179;  85,  p25;  100,  pp  40-41 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights WS16,  p  149;  28,  p  140; 

38,  p  322;  66,  p  102;  85,  p  25;  100,  p  40 

hydrographs Ann  19,  iv,  p  423; 

20,  iv,  p  406;  21,  iv,  p  387 

rating  tables Ann  19,  iv,  p  419; 

WS  28,  p  145;  100,  pp  40-41 
near  Phoenix,  Ariz.: 

discharge Ann  21,  iv,  pp  381,  382 

discharge,  monthly Ann  11,  ii,  p  100 

hydrograph Ann  12,  ii,  p  308 

near  Koosevelt  reservoir  site,  Ariz.: 

description...  WS  66,  pp  99-100;  100,  p  42 

discharge WS  66,  p  100;  100,  pp  42-43 

discharge,  monthly WS  75,  p  178; 

100,  p  45 

gage  heights WS  66.  p  100;  100,  p  44 

Salt  River  basin.  Ariz.: 

description Ann  11,  ii,  pp  61-63; 

12,  ii,  pp  310-313;  21.  iv,  p  386 
Salt  Springs  Valley  reservoir,  Cal.: 

description Ann  18,  iv,  pp  375-377 

discharge  into,  seasonal Ann  18,  iv,  ]»  377 

evaporation  and  seepage...  Ann  is,  iv,  p  377 
Saltville,  Va. 

North  Fork  of  Holston  River  near: 

discharge WS  27,  p  66 

Saluda  Liver,  S.  C: 

description Ann  19,  iv,  p221;  21,  iv,  p  129 

near  Waterloo,  S.  C: 

description Ann  18,  iv,  p  68;  WS  15, 

p  38;  27,  p  28;  36,  p  126;  48,  p  147; 
65,  p  250;    83,  p  84;    98,  pp  51-52 

discharge Ann  18,  iv,  p  68; 

22,  iv,  p  159;  WS  15,  p  38;  36,  p  126; 
48,  p  147;  65,  p  250;  83,  p  85;  98,  p  52 

discharge,  monthly Ann  20,  iv,  p  153; 

21,  iv,  p  129;  WS  75, 
p61;  83,  p86;  98,  p  54 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  19; 

15,  p  38;  27,  p  39;  36,  p  127;  48,  p  148; 
65,  p  251;   83,  p  85;  9s,  pp  52  53 

hydrographs Ann  20,  iv,  p  154;  21,  iv, 

p  130;  22,  iv,  p  159;  WS  75,  p  61 

rating  tables WS  27,  p  46; 

39,  p  444;  52,  p  513;  65, 
p  320;  83,  p  86;  98,  p  53 

water  powers Ann  19,  iv,  pp  221-222 

See  also  WS  63,  pp  135-138. 
San  Andreas  and  Pilarcitos  reservoirs,  Cal.: 

discharge,  yearly Ann  18,  iv,  p  370 

San  Antonio,  Tex. 
Hot  wells  at: 

discharge WS  66,  p  58 

ditches  and  canals  near: 

discharge Ann  1s,  iv,  p  110 

San  Antonio  River  near: 

discharge Ann  18,  iv,  p  110; 

WS  28,  p  130;  84,  p  157 
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San  Antonio,  Tex.— Continued. 
San  Pedro  River  near: 

discharge Ann  18,  iv,  p  110; 

Bull  140,  p  84 
springs  at  and  near: 

description Bull  140,  p  84 

San  Antonio  Creek,  Cal.: 
at  month  of  canyon,  Cal.: 

discharge WS  100,  pp  350-351 

description Ann  21,  iv,  pp  480-481 

discharge WS  (It;,  p  167;  85,  pp  176-179 

discharge,  low-water WS  39,  p  434 

diurnal  variation: 

diagram Ann  22,  iv.  p  498 

in  canyon: 

discharge Ann  20,  iv,  p  552 

near  Jolon,  Cal.: 

description WS  66,  p  154 

discharge WS  66,  p  154 

discharge,  monthly WS  75,  p  220 

gage  heights WS  66,  p  155 

rating  table WS  66,  p  178 

reservoir  site  on: 

description Ann  22,  iv,  p  486 

San  Antonio  River,  Cal. 

discharge Ann  18,  iv,  p  417 

discharge,  low-water WS  28,  p  196 

San  Antonio  River,  Colo.,  near— 
Antonito: 

discharge WS  50,  p  348 

San  Antonio  River,  Tex.: 

description WS  50,  pp  340-342 

discharge WS  50,  p  340; 

Ann  18,  iv,  p  110;  WS  50,  pp  341,  342 
near  Hot  Wells,  Tex.: 

discharge WS  28,  p  138;  84,  p  157 

near  San  Antonio: 

description WS  50,  pp.  340-342 

discharge WS  28,  p  130;  84,  p  157 

San  Bernardino,  Cal. 
Lytle  Creek  near: 

discharge Ann  18,  iv,  p  417 

San  Bernardino  Mountain,  Cal. 

rainfall  data  , Ann  19,  iv,  pp  619,  620; 

20,  iv,  pp  560,  561;  WS  39,  pp  437,438 
San  Bernardino  Valley,  Cal. 

developed  water  in,  compared  with  re- 
turn water  to  Santa  Ana  River. .  WS  85,  p  180 

irrigation  in Ann  19,  iv,  pp  540-543 

return  waters WS  85,  p  181;  100,  p  356 

streams  in: 

discharge WS  39,  pp  423-425 

water  supply  of,  by  J.  B.  Lippincott. .  Ann  19, 
iv,  pp  540-632 

wells  in Ann  20,  iv,  p  559 

San  Carlos,  Ariz. 
Gila  River  near: 

description WS  38,  pp  313-314; 

50,   p  385;    66,  p   98; 
85,  pp  32-33;  100,  p  48 

discharge WS  38,  p  314;  50,  p  386; 

66,  p  99;  85,  p  33;  100,  p  50 

discharge,  monthly Ann  21,  iv,  p  332; 

22,  iv,  p  397;  WS  75,  p 
179;  85,  p  35;  100,  p  51 

gage  heights WS  38,  p  314;  50,  p  386; 

66,  p  99;  85,  p  34;  100,  p  49 


San  Carlos,  Ariz.— Continued. 
Gila  River  near— Continued. 

hydrographs Ann  21,  iv,  p  332; 

22,  iv,  p  398;  WS  75,  p  180 

rating  tables WS  39,  p  452; 

52,  p  520;  85,  pp  34-35 
rainfall  data...  Ann  12,  ii,  p  307;  21,  iv,  p  349 
San  Carlos  dam  site,  Ariz.: 

description Ann  21 ,  i v,  pp  370-376 

Sand  Creek,  Nebr.: 

discharge WS  84,  p  93 

Sand  Creek  near— 
Beulah,  Wyo.: 

discharge Bull  131,  p90 

Sandersville,  Ga. 

Williamsons  Swamp  Creek  (west  prong) 
near — 

discharge WS  98,  p  80 

Williamsons     Swamp     Creek     (north 
prong)  near: 

discharge WS  98,  p  80 

San  Diego,  Cal. 

rainfall  data Ann  22,  iv,  pp  31 ,  32,  33 

San  Diego  River,  Cal.: 

description Ann  21 ,  iv,  pp  486-488 

San  Dimas  Creek  in — 

San  Gabriel  River  basin,  Cal.: 

discharge WS  100,  p  348 

San  Diemas  wash  wells: 

discharge,  low-water WS  51,  p.  484 

Sandusky  River: 

description Ann  18,  iv,  p  168 

near  Fremont,  Ohio: 

description WS27,p67;  36,  p  181; 

49,  p221;  65,  p  314 

discharge WS  27,  p  68; 

36,  pl81;  49,  p  221;  65,  p  314 

gage  heights WS  27,  p  67; 

36,  p  181;  49,  p  222;  65,  p  314 
near  Mexico,  Ohio: 

description WS  27,  p  67; 

36,  pp  179-180;  49,  p  221 

discharge WS  27,  p  68; 

36,  p  180;  49  p  221 

discharge,  monthly Ann  22,  iv,  p  242 

gage  heights WS  27,  p  67; 

36,  p  180;  49,  p  221 

hydrograph Ann  22,  iv,  p  243 

rainfall  data Ann  22,  iv,  p  242 

Sandusky  River  basin: 

description Ann  21,  iv,  p  179 

Sandy  Creek,  Ala.,  near — 
Dadeville: 

discharge WS  49,  p  210 

Sandy  Creek,  Nebr. 

discharge WS  39,  p  440 

Sandy  Mush  Creek  near- 
Bailey,  N.  C: 

discharge WS  49,  p  212 

Sandy  River,  Me.: 

description Ann  19,  iv,  p  78 

San  Emidio  Creek,  Cal. 

description Ann  18,  iv,  pp  397-398; 

Bull  140,  p  258 
discharge,  monthly Ann  18,  iv,  p  399 
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Sanford  Creek  near- 
Eaton  ton,  Ga.: 

discharge WS  98,  p  104 

Sangamon  River  near- 
Springfield,  111.: 

description WS  98,  p  199 

discharge WS  98,  p  199 

gage  heights WS  98,  p  199 

Sanger  Canal  near— 
Alvord,  Cal.: 

description WS  100,  pp  219-220 

discharge WS  100,  p  220 

gage  heights WS  100,  p  220 

Santaquin  Creek,  Utah 

discharge WS  100,  p  224 

Santee  Creek  in— 

Chattahoochee  River  basin,  Ga.: 

discharge WS  49,  p  208 

Santee  River  near— 
St.  Stephen,  S.  C: 

description WS  36,  p  126 

Santee  River  basin: 

description Ann  19,  iv,  p  204; 

20,  iv,  p  14*;  WS  83, 
pp  68-71;  98,  pp  38-40 
San  Felipe  Creek,  Tex. : 

description WS  84,  p  161 

discharge WS  84,  p  161 

San  Felipe  reservoir.  N.  Mex.: 

area  and  capacity Ann  21,  iv,  pp  276,  277 

dam  site: 

description  and  map Ann  21,  iv, 

pp  275-276 
San  Felipe  River  near- 
Del  Rio,  Tex.: 

discharge WS  28,  p  130 

San  Felipe  springs,  Tex. 

description WS  50,  p  345 

discharge Bull  140,  p  85; 

WS  37,  p277;  50,  pp  345-346;  66,  p  5S 
San  Francisco,  Cal. 

rainfall  data Ann  22,  iv,  pp  31,  32,  33 

San  Francisco  Bay  drainage: 

description Ann  20,  iv,  pp  523-525; 

22,  iv,  p  461;   WS  75,  p  209; 

85,  pp  127-129;  100,  pp  261-264 

discharge,  miscellaneous. .  WS  85,  pp  156-162 

low-water  of  1898  in...  Ann  20,  iv,  pp  624-525 

rainfall  data Ann  19,  iv,  pp  537-539 

San  Francisco  River,  Ariz.: 

description Ann  21,  iv,  pp  338-339 

discharge Ann  21 ,  iv,  p  339 

San  Francisquito  Creek  in — 
Santa  Clara  River  basin: 

discharge.  Ann  20,  iv,  p  541;  WS  100,  p  344 

discharge,  low-water WS  28,  p  196 

San  Gabriel  canals  near— 
Azusa,  Cal.: 

discharge,  daily Ann  18,  iv,  p  410; 

WS  39,   p   412;  51,  p 
475;  66,  p  162;  85,  p  169 

discharge,  monthly Ann  19,  iv, 

p531;  WS85,  p  170 

gage  heights WS  28,  p  190 

rating  table Ann  19,  iv,  p  530 


San  Gabriel  River,  Cal.: 

description  Ann  19,  iv,  p  528; 

20,  iv,  pp 549-550;  21,  iv,  pp 
475-477;  Bull  140,  pp315-316 

discharge WS  66,  p  167 

discharge,  low-water Ann  20,  iv,  p  550; 

WS   28,    p  196;    39,    p 
434;  51,  p  484;  85,  p  177 
diurnal  variation: 

diagram Ann  22,  iv,  p  498 

diversion  from: 

map Ann  22,  iv,  p  502 

in  Azusa  tunnels: 

discharge WS  28,  p  192 

near  Alamites,  Cal.: 

discharge WS  100,  p  350 

near  and  at  Azusa,  Cal.: 

description Ann  18,  iv,  pp  405-407; 

Bull  140,  pp  317-318;  WS  16, 
p  194;  28,  pp  187-188;  39,  pp 
410-411;    51,  p  472;  66,  p  161 

discharge Ann  18,  iv,  pp  407, 416, 417; 

WS  16,  p  194;  28,  pp  190,  191, 192; 
39,  p  411;  51,  pp  472,475;  85,  p  168 

discharge,  daily Ann  18,  iv,  p  409; 

Bull  140,  p  316;  WS  39,  pp  412, 
413;  51,  pp  472-474;  100,  p  330 

discharge,  monthly Ann  19, iv,  p  529; 

WS  85,  p  170;  100,  p  331 

discharge,  yearly Ann  20,  iv,  p  64 

gage  heights WS16,pl95;  28,  p  189; 

66,  p  161;  85, p  168;  100, p  329 

hydrograph Ann  19,  iv,  p  529 

rating  tables Ann  18,  iv,  p  408; 

19,  iv,  p  528;  WS  28,  p  191;  39 
p  411;  85,  p  169;  100,  pp  330-331 
near  El  Monte,  Cal.: 

discharge WS  100,  p  349 

near  mouth  of  canyon: 

discharge,  monthly Bull  140,  p  317 

near  Rivera,  Cal.: 

discharge WS  100,  p  349 

near  Studebaker,  Cal.: 

discharge WS  100,  p  349 

San  Gabriel  River  and  canals  near— 
Azusa,  Cal.: 

description. .  WS  85,  p  167;  100,  pp  327-328 

discharge WS  100,  pp  328-329 

discharge,  monthly Ann  19,  iv,  p 

531;  20,  iv,  p  551;  21,  iv,  p 
479;  22,  iv,  p  504;  WS 
75,  pp  222-223;    85,  p  171 

hydrograph Ann  21,  iv,  p  480 

San  Gabriel  River  basin,  Cal.: 
ditches  in: 

discharge WS  100,  p  350 

map Ann  21,  iv,  p  476 

seepage  measurements WS  100,  p  342 

San  Gabriel  River,  North  Fork,  Cal.: 

discharge,  daily WS  51,  pp  472-473 

San  Gabriel  River,  Tex.: 

description WS  84,  p  148 

San  Udefonso,  N.  Mex. 
Rio  Grande  near: 

discharge Ann  11,  ii,  p  107 
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San  Joaquin  River,  Cal.: 

description Ann  19,  iv,  p  514; 

20,  iv,  p  529;  Bull  140,  pp  289-290 

discharge,  miscellaneous ws  85,  p  160 

below  mouth  of  Chiquita  San  Joaquin 

WS  100,  p  307 
near  Hamptonville,  Cal.; 

discharge,  yearly Bull  140,  pp  311-312 

near  Herndon,  Cal.: 

cross  section Ann  18,  iv,  p  387 

description Ann  12,  ii,  pp  321-322; 

18,  iv,  pp  385-387;  Bull  131,  pp  81- 
82;  140,  pp  290-291;  WS  16,  p  190; 
28,  pp  179-180;  38,  p  395;  51,  p  458; 
66,  p   151;    85,  p  155;    100,  p  303 

discharge Ann  18,  iv,  p  387; 

Bull  131,  p  82;   140,  p  291; 

WS  16,  p  190;  28,  p  185;  38, 

p  396;  51,  p  459;  66,  p  151 

discharge,  low- water. . .  Ann  20,  iv,  p  526; 

22,  iv,   p  496;  WS  18,  p 

193;   39,  p  433;  51,  p  481 

discharge,  monthly Ann  18,  iv,  p  389; 

19,  iv,  p  515;  20,  iv,  p  529; 
21,  iv,  p  466;  22,  iv,  p  466; 
Bull  140,  p291;  WS  75,  p  216 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights..  Ann  12, ii,  p 318;  Bull  131,  p 
82;  140,  pp  292-293;  WS  11,  p  91; 
16,  p  190;  28,  p  183;  38,  p  396;  51,  p 
459;  66,  pl52;  85,  p  156;   100,  p  304 

hydrographs Ann  12,  ii,  p  316; 

18,  iv,  p  390;  19,  iv,  p  516; 
20,  iv,  p  530;  21,  iv,  p  467; 
22,  iv,  p  466;  WS  75,  p  216 

rating  tables Ann  18,  iv,  p  388; 

19,  iv,  p  515;  Bull  140,  p  292;  WS  28, 
p  186;  39,  p  455;   52,  p   523;  66,  p   178 
near  Paradise  Cot,  Cal.: 

discharge Bull  140,  p  314 

near  Pollasky,  Cal.: 

discharge WS  66,  p  167 

discharge,  low-water Ann  22,  iv, 

pp496,  497;  WS51,p481 
San  Joaquin  River  basin,  Cal.: 

description Ann  12,  ii,  pp  316-324; 

21,  iv,  p  466;  Bull  131,  p  78 

rainfall  data WS  75,  p  230 

San  Joaquin  River,  Lower: 

description Ann  12,  ii,  pp  323-324 

gage  heights  diagram Ann  12,  ii,  p  322 

San  Joaquin  River,  North  Fork  of: 

discharge WS  85,  p  160 

San  Joaquin  River,  South  Fork  of: 

discharge WS  85,  p  160 

San  Jose  Creek  in — 

San  Gabriel  River  basin,  Cal.: 

discharge WS  100,  p  350 

San  Juan  River,  Colo.: 

description Ann  20,  iv,  p  400; 

21,  iv,  p  297;  WS  50,  pp  381-382 
near  Arboles,  Colo.: 

description Ann  18,  iv,  pp  279-280: 

Bull  140,  p  195;  WS  16. 
p  144;  28,  p  131;  38,  p307 


San  Juan  River,  Colo. — Continued, 
near  Arboles,  Colo.— Continued. 

discharge Ann  18,  iv,  p  280; 

20,  iv,  p  410;  Bull  140,  p  195; 
WS16,  p  144;  28,  p  142;  38,  p  307 

discharge,  monthly Ann  18,  iv,  p  281; 

19,  iv,  p410;  20,  iv,  p  401;  21, 
iv,    p    297;     Bull    140,    p    196 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140,  p  196; 

WS11,  p71;16,  pl44; 
28,  p   138;   38,  p  308 

hyd  rographs Ann  18,  iv,  p  281 ; 

19,  iv,  p  410;  20,  iv,  p  401;  21,  iv,  p  298 

rating  tables Ann  18,  iv,  p  280; 

19,   iv,  p  409;    Bull  140,  p 
196;  WS  28,  p  145;  39,  p  451 
See  also  WS  74. 
San  Juan  River  basin: 

description Ann  18,  iv,  p  278;  19,  iv,  p 

409;  22,  iv,  p  392;  Bull  140,  p  195 
See  also  WS  74. 
San  Juan  River  (Nicaragua  canal  route) 

description,  etc Ann  22,  iv,  pp  556-572 

San  Juan  River: 

in  Ute  Indian  Reservation: 

description Ann  2,  iv,  p  411 

near  Noland,  Utah- 
discharge  WS  28,  p  143 

San  Leandro  and  Temescal  dams,  Cal.: 

description Ann  18,  iv,  pp  65,  657 

San  Lorenzo  Creek,  Cal.: 

discharge WS  66,  p  167 

near  King  City,  Cal.: 

description WS  66,  p  155; 

85,  p  166;  100,  p  312 

discharge WS  66,  p  155; 

85,  p  166;  100,  p  312 

discharge,  monthly WS  75,  p  220; 

85,  p  167;  100,  p  313 

gage  heights WS  66,  p  155; 

85,  p  166;  100,  p  312 

rating  tables WS  66,  p  178; 

85,  p  167;  100,  p  313 
reservoir  site  on: 

description Ann  22,  iv,  p  486 

San  Luis  Rey  River,  Cal.: 

above  head  of  Escondido  canal: 

discharge WS  100,  p  346 

description Ann  19,  iv,  p  532 

WS  39,  pp  428-429;  51,  p  479 

discharge WS  39,  p  429 

discharge,  monthly Bull  140,  p  321 

near  Escondido  flume,  Cal.: 

discharge,  yearly Ann  20,  iv,  p  64 

near  Pala,  Cal.: 

description WS  100,  pp  331-332 

discharge WS  100,  pp  332, 346 

gage  heights WS  100,  p  332 

near  Warner's  ranch  reservoir,  atdamsite,  Cal.: 

discharge WS  100,  p  346 

rainfall  and  run-off  relation..  Ann  19,  iv, 
pp  532-535 
San  Luis  Valley: 

description Ann  12,  ii,  pp  24 "-248 

irrigation  practices Ann  12,  ii.  pp  248-251 
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San  Luis  Valley— Continued, 
subirrigation  in: 

description Ann  21,  iv,  pp  263-265 

San  Marcial,  N.  Mex. 
Rio  Grande  near: 

cross  section Ann  18,  iv,  p  257 

description Ann  18,  iv,  pp  254-256; 

Bull  131,  p  46;  140,  p  177; 
WS16,  pl31;  28,  p  120;  37,  p 
282;  50,  pp  351-352;  66,  p  68; 
84,  pp  183-184;  99,pp382-383 
discharge  ..  Ann  U.ii.p  107:  is,  iv,  p  256; 
Bull  131.  p  16;  140,  p  177; 
WS16,pl31;  28,  p  129;  37,  p 
283;  50,  p  352;  66,  pp  68-69; 
84,  pp  184-185;  99,  pp383  385 

discharge,  monthly Ann  18,  iv,  p257; 

19,  iv.  p388;  _'(•.  iv,  pp  358,371; 
21,  iv,  p261;  22,  iv,  p  352;  WS 
75,  p  155;    84,  p  186;   99,  p  386 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140.  p  178; 

ws  11.  p66;  If.,  p  131;  28, 

p  L28;  37,  p  283;  50,  p  352; 

66,  p  69;  84,  p  185;  99,  p  386 

hydrographs . . .  Ann  19.  iv.  p  389;  20,  iv, 

P  371;  21.  iv,  p261;  22,  i\.  p  352 

rainfall  and   inn  oil"  relation Ann  20, 

iv,  p  369 

rating  tables Ann  18,  iv,  p  256; 

19,  iv,  p"p387  388;  WS28,p  L30 
San  Marcos,  Tex. 

Blanco  River  near: 

discharge ws:>n.  p  339 

-,in  Marcos  River  Dear.    ><<  San  Mar 

COS  River. 
San  Marcos  Spring  near.    Se<   San  Mar- 
cos Spring. 
San  Marcos  Creek,  Cal. 
reservoir  sites  on: 

description Ann  22,  i\,  pp  199  500 

maps Ann  22,  i\ ,  pp  199,  600 

San  Marcos  River  near— 
Prairie  Lea,  Tex.: 

discharge ws  84,  p  157 

San  Marcos,  Tex.; 

discharge Ann  18,  iv.pllO; 

Bull  131.  p92;  WSN   p  130;  50,  p339 
Westerneld  Ford,  Tex.: 

discharge ws  84,  p  157 

Westfield,  Tex.: 

discharge ws  2*,  p  130 

San  Marcos  Spring  near- 
San  Marcos,  Tex.: 

description Bull  140,  p  83 

discharge Bull  140,  p  83 

San  Mateo  Creek,  Cal.: 

description WS  38,  pp  389-390 

discharge WS  38,  p  390 

rainfall  data WS  38,  p  390,  75,  p  228 

San  Mateo  dam, Cal.: 

description Ann  18,  iv,  pp 688-690 

San  Miguel  River  near— 
Fallcreek,  Colo.: 

description Ann  18,  iv,  p  264; 

20,  iv,  p   395,    WS   16, 
p  142;  28,  p  131;  38,  p  306 


San  Miguel  River  near— Continued. 
Fallcreek,  Colo.— Continued. 

discharge Ann  18,  iv,  p  264; 

WS  16,  p  142;  28,  p  142;  38,  p  306 

discharge,  monthly Ann  18,  iv,  p  265; 

19,  iv,  p  407;  20,  iv,  p  395;  21,  iv,  p283 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights WS  16,  p  142; 

28,  p  137;  38,  p  307 

hydrographs Ann  18,  iv,  p266; 

19,  iv,  p  407;  20,  iv, 
p  396;   21,  iv,  p  284 

rating  tables Ann  18,  iv,  p265; 

19.  iv,p406;  WS28,pl44;  39,  p 451 
Sej  mour,  Colo.: 

description Bull  140,  p  193 

discharge Bull  140,  p  193 

discharge,  monthly Bull  140,  p  194 

gage  heights Bull  140,  p  194 

rating  table Bull  140,  p  194 

San  Pedro  River,  Ariz.: 

canals  diverting  water  from: 

discharge Ann  21,  iv,  p  354 

map Ann  21,  iv,  p  355 

description Ann  21,  iv,  pp  351  353 

near  Ihidleyville,  Ariz.: 

discharge,  monthly Ann  U,ii,p  99; 

12,ii,p305 

discharge,  yearly Ann  20,  iv,p59 

near  San  Antonio,  Tex.: 

discharge..  Ann  L8,iV,p  110;  Bull  140, p84 
San  Pedro  River  and  ditches,  Ariz.: 

discharge WS38,  p  315 

San  Pedro  River  basin: 

description Ann  ll,ii,pp  59-61; 

12,  ii.pp  303-305 
San  Pitch  River  near— 
Gunnison,  Utah: 

description WS61,p425;  66,pl25; 

85,  p  94;  100,  p  150 

discharge WS51,  p425;  66,  p  125; 

85,p94;  nil),  p  150 

discharge,  monthly Ann22,  iv,  p  U9; 

WS  75,  j)  196;  85,  p  96;  LOO,  p  152 

gage  heights WS51,p425;  66,  p  125; 

85,p  95;  I00,p  161 

hydrograph Ann  22,  iv,  p  419 

rating  tables WS52,p521;  66,  p  176; 

85,p95;  100,  p  151 
San  Sana,  Tex. 

Mill  Creek  near: 

discharge WS  84,  p  156 

San  Saha  River, Tex.: 

description WS  84,  pp  154-155 

miscellaneous  measurements...  WS  84, p  156 
near  Fort  McKavett,  Tex.: 

discharge WS  84,  p  156 

near  Menardville,  Tex  : 

discharge WS  84,  p  156 

San  Simon,  Ariz. 

rainfall  data Ann  21,iv,p  349 

San  Simon  Valley,  Ariz.. 

description Ann  21,  iv,  p  347 

Santa  Ana  canal, Cal.: 

description Ann  19,  iv,  pp  598-611 

discharge WS  28,  1  >  1 92 
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Santa  Ana  canal,  Cal.— Continued, 
near  Warmsprings,  Cal.: 

discharge WS28,pl91 

discharge,  daily WS85,pl74 

Santa  Ana  Canyon,  Cal. 

rainfall  data •  WS  66,  pp  168,  169 

Santo  Ana  Canyon  steel  dam,  Cal.: 

description Ann  18,  iv,  p  715 

Santa  Ana  River,  Cal.: 

canals  diverting  water  from: 

discharge  ...  WS  28,  pp  191, 192;  39,  p  419 

discharge,  daily WS  85, 

p  174;  66,  pp  164-165 

description Ann  20,  iv,  pp  552-554; 

21,  iv,  p  483;  Bull  140,  pp  318-321 

discharge WS  28,  p  192 

discharge,  low-water WS  28,  p  194-195; 

39,  pp  434,  436;  51,  pp  484-487 

discharge,  miscellaneous WS  100,  p  354 

diurnal  variation,  diagram.  Ann  22,  iv,  p  498 
near  mouth  of  canyon: 

discharge Bull  140,  p  319 

discharge,  monthly Bull  140,  p  320 

temperature  of  water Bull  140,  p  320 

near  Rincon,  Cal.: 

canals  diverting  water  from, 

discharge WS  51,  p  479 

description ..  WS  39,  pp  427-428;  51,  p  478 

discharge WS  39,  p  428;  51,  p  478; 

100,  p  354 
near  Warmsprings,  Cal.: 

description Ann  18,  iv,  pp  411-412; 

19,  iv,  p  569;  WS  16,  p  195;  28,  pp 
188-189;  39,  pp  418-419;  51,  pp  475-476; 
66,  p   163;   85,  pp   171-172;   100,  p  333 

discharge Ann  19,  iv,  p  535; 

WS  16,  p  196;  28,  p  191 ;  39,  p  419; 
51,  p  476;   66,  p   163;   100,   p  334 

discharge,  daily WS  66,  p  164 

discharge,  low-water WS  28,  p  194 

discharge,  monthly Ann  19, 

iv,  pp  570;  20,  iv,  p  554;  21,  iv, 
p  484;  22,  iv,  p  504;  WS  100,  p  335 

discharge,  yearly Ann  20,"  iv,  p  64 

gage  heights WS  11,  p  93;  16,  p  196; 

28,  p  190;  39,  p  420;  51,  p  476 

hydrographs Ann  19,  iv,  p571;  20,  iv, 

p  555;  21,  iv,  p  484;  22,  iv,  p  505 

rating  tables....  Ann  19,  iv,  p569;  WS28, 

pl91;  39,  p  419;  52,  p  523; 

85,  p  175;  100,  pp  334-335 

Yorba,  Cal.: 

discharge WS  100,  p  354 

return  waters "WS  100,  p  355 

compared  with  developed  water  in 
San  Bernardino  Valley..     WS  85,  p  180 
Santa  Ana  River  and  canal  near — 
Warmsprings,  Cal.: 

discharge WS  66,  p  167;  85,  p  172 

discharge,  monthly Ann  20,  iv,  p  554; 

WS  75,  p  224;  85,  p  175 

gage  heights WS  85,  pp  173-174 

Santa  Ana  River  and  tributaries,  Cal.: 

discharge Ann  18,  iv,  pp  412,  417 

discharge,  miscellaneous..  WS  85,  pp  178-180 
Santa  Ana  River  basin,  Cal.: 

description Ann  19,  iv,  p  567-568 


Santa  Ana  River  basin — Continued, 
ditches  and  canals  in: 

discharge  ..  WS  28,  pp  191,  192;  100,  p  353 

rainfall  and  run-off  relation Ann  19, 

iv,  pp  585-586 

rainfall  data Bull  140,  p  321 

seepage  measurements WS  100,  p  343 

Santa  Ana  River,  North  Fork  canal  system: 

description Ann  19,  iv,  pp  573-576 

•near  Olive,  Cal.: 

discharge WS  100,  p  354 

Santa  Ana  River  power  house,  Cal.: 

rainfall  data WS  52,  pp  495,  496 

Santa  Anita  Creek  in — 

San  Gabriel  River  basin: 

discharge WS  100,  pp  348,  349 

Santa  Barbara,  Cal. 

Santa  Ynez  River  near: 

description WS  100,  pp  313-314 

discharge WS  100,  pp  314-317 

discharge,  monthly WS  100,  p  318 

gage  heights WS  100,  p  318 

Santa  Clara  River,  Cal. 

description Ann  20,  iv, 

p  540;  21,  iv,  pp  473-474 

discharge Ann  20,  iv,  p  541 

discharge,  low-water WS  28,  p  196; 

39,  pp  433-434;  51,  p  482 
ditches  on,  discharge  ....  WS  100,  pp  343-346 
near  Espanola,  N.  Mex.: 

discharge Ann  11,  ii,  p  107 

Santa  Clara  River  and  ditches,  Cal. 

discharge WS  100,  pp  344-346 

Santa  Cruz  district,  Ariz.: 

description Ann  12,  ii,  pp  315-316 

Santa  Cruz  River  near— 
Espanola,  N.  Mex.: 

discharge Ann  11,  ii,  p  107 

Santa  Cruz,  N.  Mex.: 

discharge Ann  11,  ii,  p  107 

Sarlta  Fe,  N.  Mex. 

rainfall  data Ann  12,  ii,  pp  244, 

248;  20,  iv,  pp  356,  357,  359 
400;  22,  iv,  pp  31,  32,  33,  35 
Tesuque  River  near: 

discharge Ann  11,  ii,  p  107 

Santa  Fe  Creek,  N.  Mex.: 
dam  and  reservoir  site  on: 

map Ann  21,  iv,  pp  269,  270 

description Ann  12,  ii,  pp  273-274 

Santa  Fe  district,  N.  Mex.: 

description Ann  12,  ii,  pp  269-270 

Santa  Fe  reservoir,  N.  Mex.: 

area  and  capacity Ann  21,  iv,  p  272 

capacity  curve Ann  21,  iv,  p  271 

description Ann  21,  iv,  pp  270-272 

Santa  Maria  River  near- 
Santa  Maria,  Cal.: 

description WS  100,  pp  335-336 

discharge WS  100,  p  336 

gage  heights WS  100,  p  336 

Santa  Paula  Creek  near — 
Santa  Paula,  Cal.: 

discharge,  low-water WS  39,  p  434 

discharge WS  100,  p  346 
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Santa  Rosa,  N.  Mex. 
Pecos  River  near: 

description WS  99,  pp  363-364 

discharge WS  99,  p  364 

gage  heights WS  99,  pp  364-365 

Santa  Ynez  River  near- 
Santa  Barbara,  Cal.: 

description WS  100,  pp  313-314 

discharge WS  100,  pp  314-317 

discharge,  monthly WS  100,  p  318 

gage  heights WS  100,  p  318 

Sapello,  N.Mex. 

Manuelitos  River  near: 

description WS  99,  p  252 

gage  heights WS  99,  p  253 

mill  tail  race  near: 

description WS  99,  p  251 

gage  heights WS  99,  p  252 

Sapello  River  near.     See  Sapello  River. 
Sapello  River  near — 
Los  Alamos,  N.  Mex.: 

description WS  99, pp  249-250 

discha  rge WS  99,  p  250 

gage  heights WS  99,  p  250 

Sapello,  N.  Mex.: 

description WS  99,  pp  250-251 

discharge ws  99,  p  251 

gage  heights ws  99,  p251 

Sappington,  Mont. 

Jefferson  River  near: 

description Ann  18,  iv,  pp  134-135; 

l'.t,  iv,  p  281;  Bull  1^1.  p  22;  1 10, 
pp  92-93;  WS  15,  pp  70  71;  27, 
p  68;  37,  pp  206  207;  l'.t.  p  264; 
66,  ]>  I'.';  84,   pp   17   is;  99,    p   L33 

discharge Ann  18, iv, p  135;  Bull  131, 

pp22,  92;  lid.  p93;  WS  15,  p 
71;  27.  |.p  71  75;  37,  p  207;  19, 
p264;  66,p20;84,p  18;  99,pl33 

discharge,  monthly Ann  is,  j\  , 

P  136;  19,  iv,  p282;  20,iv  pp 
234,238;  22,  iv,  p285;  WS  75. 
PP1I7,  120;  84,  p  19:  99,p  L35 

discharge, yearly Ann  20,  i\.  p  53 

gage  heights ws  ii.  p  l'.t; 

15,  p  71;  27,  p  71;  37,  p  207;  19,  p 
265;  66,  p  20;   84,  p   18;   99,  p  L34 

hydrographs Ann  19.  iv,  p283;  20,  iv, 

p  238;  22,  iv.  pp  286,287;  WS  75.  p  L20 

rainfall  and  run-off  relation Ann  20, 

iv,  p235;  WS75,  p  118 

rating  tables Ann  IS,  iv,  p  136; 

1'.',  iv,  p  282;  WS  27,  p  75;  52,  p 
516;  66,  pl70;  hi,  p  18;  99.  p  134 
Saquoit  Creek,  X.  Y.: 

mar  New  York  Mills: 

description  WS  35,  pp  48-49; 

47,  p  48;  65,  p  14P 
discharge,  daily..  WS35,  p49;  47,  pp  Is   |g 

discharge,  monthly Ann  22,  iv,p  90; 

WS  35,  I'll 
hydrographs..  Ann  22, iv, p  91 ,  21,iv,p66 
near  Yorkville: 

description WS  65,  p  150 

discharge WS  65,  p  151 

water  powers WS  65,  p  150 


Saranac  River,  N.  Y.: 

drainage  areas WS  97,  p  358 

near  Plattsburg,  N.  Y.: 

description "WS  97,  p  355 

discharge,  daily WS  97,  p  356 

discharge,  monthly WS  97,  p  356 

near  Saranac  Lake,  N.  Y.: 

description WS  97,  p  357 

discharge WS  97,  pp  358-359 

discharge,  monthly WS  97,  p  358 

Saratoga,  Wyo. 

North  Platte  River  near: 

description WS  99,  p  174 

discharge WS  84,  p  94;  99,  p  175 

discharge,  monthly WS  99,  p  176 

gage  heights WS*99,  p  175 

rating  table WS  99,  p  176 

Sargent,  Colo. 

Tomiehie  Creek  near  : 

discharge WS  100,  p  95 

Satas  River  near — 
Sat  as,  Wash.: 

description Bull  131,  p  75 

Satas  River,  North  Branch,  Wash.: 

discharge Bull  131,  p  92 

Sank  Rapids,  Minn. 

Mississippi  River  near: 

description WS  98,  pp  173-174 

discharge Ann  22,  iv, 

p  '219;  WS98,  p  174 

gage  heights WS  98,  pp  174   175 

Savage  Reservoir  near — 
Utica,  X.  Y.: 

rainfall  data WS  97,  pp  208,  209 

Savannah  River: 

description....  Ann  19,  iv,  p  223;  21,  iv,  pl33 
near  Augusta,  Ga. : 

description Ann  14,  ii,  p  1  17; 

18,  iv,  p  75;  Bull  140,  pp  72-73;  WS 
27,  pp  28-31;  36,  p  130;  48,  p  150; 
65,    p  251;    83,   pp  87-88;    98,    p  57 

discharge Ann  19,  iv,  p  227; 

WS27,p44;  36,  p  131;  48,  p  1.50; 
65,  p  254;   83,   p  88;   98,    p   58 

discharge,  flood Ann  14,  ii,  p  1 19 

discharge,  monthly Ann  14,  ii,  pp 

147-148;  18,  iv,pp  76-77;  2(1, 
iv,  pp  160,  165;  21,  iv,  135; 
22,  iv,  p  162;  WS  27,  p  30; 
75,  p  64;  83,  p  89;  98,  p  59 
discharge,  yearly  ...  Ann  20,  iv,  pp  50,  51 

gage  heights Bull  140,  p  73;  WS  27, 

pp  11-42;  36,  p  131;  48,  p  151; 
65,  p  255;  83,  p  88;  98,  p  58 

hydrographs Ann  20,  iv, 

p  165;  21,  iv,  p  135;  22, 
iv,  p  162,  WS  75,  p  64 

rating  tables WS  27,  p  29;  39,  p  444; 

52,  p  513;  65,  p  320.  83,  p  89;  98,  p59 
near  Calhoun  Falls,  S.  C: 

description Ann  18.  iv,  pp  73-74; 

WS  15,  p  39;  27,  p  28,  36,  p  129;  48, 
p  149;  65,  p  253;  83,  p  90,  98,  p  60 

di-eharge Ann  18,  iv,  p  75;  WS  15, 

p  39;  27,  p  44;  36,  p  129;  48,  p 
150;  65,  p  253;  83,  p  90;  98,  p  61 
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Savannah  River— Continued. 

near  Calhoun  Falls,  S.  C— Continued. 

discharge,  monthly Ann  19,  iv,  p  224; 

20,  iv,  pp  160,  164;  21,  iv,  p  134;  22,  iv, 
p  161;  WS  75,  p  63;  83,  p  92;  98,  p  62 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  19;  15,  p  39; 

27,  p  40;  36,  p  130;  48,  p  150; 
65,  p  254;  83,  p  91;  98,  p  61 

hydrographs Ann  19,  iv,  pp  224, 225; 

20,  iv,  pl64;  21,  iv,  p  134;  22,  iv,  p  161 

rainfall  and  run-off  relation Ann  20, 

iv,  p  161 

rating  tables Ann  18,  iv,  p  75; 

19,  iv,  p  223;  WS  27,  p  46;  39,  p  444; 
52,  p  513;  65,  p  320;  83,  p  91;  98,  p  62 
Savannah  River  basin: 

description Ann  18,  iv,  p  72; 

20,  iv,  pp  154-155,  156-158; 
WS  83,  p  87;  98,  pp  56-57 
discharge  measurements,  miscellaneous, 

WS  49,  p  207 
rainfall  and  river  stations: 

map Ann  20,  iv,  p  157 

rainfall  data Ann  20,  iv,  pp  158-160, 161 

water  powers Ann  20,  iv,  pp  155-156 

Savage  River  in— 

Potomac  River  basin: 

discharge Ann  19,  iv,  p  143 

Sawkill  Creek,  N.  Y. 
near  Kingston: 

description WS  35,  p  61;  65,  p  65 

discharge WS  65,  p  66 

Scared  Corn  Creek,  Ga. 

discharge WS  36,  p  145 

Scataway  Creek  near- 
Visage,  Ga.: 

discharge WS  49,  p  217 

Schell,  W.  Va. 

North  Branch  Potomac  River  near: 

discharge Ann  19,  iv,  p  141 

Schenectady,  N.  Y. 
Mohawk  River  at: 

description WS  35,  pp  55-56 

47,  pp  65-66;  65,  pp  l'72-173 

discharge WS  47,  pp  39,  66;  65,  p  173 

discharge,  daily WS  65,  pp  173-174 

discharge,  monthly WS  65,  p  175 

gage  heights WS  35,  p  56;  47,  p  66 

hydrograph WS  75,  p  25 

Schoharie  Creek  near — 

Erie  canal  aqueduct,  N.  Y.: 

description WS  47,  p  63 

gage  heights WS  47,  p  64 

Fort  Hunter,  N.  Y.: 

description WS  35,  pp  54-55; 

47,  pp  60-61;  65,  pp  167-168 

discharge WS  47,  pp  39,  61 

discharge,  daily WS  35,  p  55; 

47,  pp  62-63,  65  pp  168-169 

discharge,  monthly Ann  21,  iv,  p  69; 

22,  iv,  p  100;  WS  35,  p  24 

diverted  water WS  65,  p  168 

hydrographs Ann  21,  iv, 

p  70:  22,  iv,  p  101 
Mill  point,  N.  Y.: 

description WS  47,  p  64; 

65,  p.  169;  82,  p  94;  97,  p  190 


Schoharie  Creek  near — Continued. 
Mill  point,  N.  Y.— Continued. 

discharge WS  47,  pp  39,  64; 

65,  p  169;  97,  p  190 

drainage  area WS  65,  p  1 72 

gage  heights WS  47,  p  (4; 

65,  pl69;  82,  p.  95;  97,  pl9l" 
Prattsville,  N.  Y.: 

description.  WS 82,  pp 95-96;  97,  pp  191-192 

discharge WS  82,  p  96;  97,  p  192 

gage  heights..  WS  82,  p  96,  97,  pp  193-194 
Schoharie  Falls,  N.  Y.: 

description WS  47,  pp  64-65; 

65,  pp  170,  171-172 

discharge WS  47,  p  65;  65,  p  171 

discharge,  daily WS  65,  pp  170-171 

discharge,  flood WS  65,  p  172 

discharge,  monthly WS  65,  p  172 

Schroon  River  near— 
Warrensburg,  N.  Y. : 

description WS  35,  p  58;  47,  p  73; 

65,  p  45;  82,  p  99;  97,  p  222 

discharge WS  47,  p  39 

discharge,  daily WS  47,  p  74; 

65,  p  46;  82,  p  100 

discharge,  high-water WS  65,  p  46 

discharge,  monthly.  Ann  21,  iv,  pp  72-73; 
22,  iv,  pp  104-105;  WS  35, 
p  24;   65,  p  47;   82,  p  100 

hydrograph Ann  22,  iv,  p  106 

Schuyler,  James  D.,  papers  by: 

reservoirs  for  irrigation Ann  18, 

iv,  pp  617-740 
water   storage    for   irrigation    on    Gila 

River,  Ariz Ann  21,  iv,  pp  358-379 

.Schuyler,  Nebr. 

Shell  Creek  near: 

discharge. .  Ann  18,  iv,  p  193;  20,  iv,  p  303 
Schuylkill  River  near— 
Fairmount,  Pa.: 

discharge,  yearly Ann  20,  iv,  p  48 

Philadelphia,  Pa.: 

description Ann  20,  iv,  pp  96-97; 

WS  35,  pp  74-75;  48,  p  109; 
65,  p  219;.  82,  p  142;  97,  p  247 

discharge,  daily WS  35,  p  75; 

48,  p  109;  65,  p  219;  82,  p  142;  97,  p  247 

discharge,  monthly Ann  20,  iv,  p  ?7; 

WS  35,  p  75;  48,  p  110; 
65,   p    219;    82,    p    142 

hydrograph Ann  20,  iv,  p  97 

Schuylkill  River  basin,  Pa.: 

description Ann  20,  iv,  p  88 

Scioto  River,  Ohio 
near  Columbus: 

description Ann  21,  iv,  p  169; 

WS  27,  p  60;  36,  p  176;  49, 

p  219;  65,  p  295;  98,  p  233 

discharge.  WS  36,  pl77;  49,  p219;  98,  p  233 

discharge,  flood Ann  20,  iv,  p  214 

discharge,  low-water  . . .   Ann  20,  iv,  p  214 
discharge,  monthly Ann  20,  iv,  p  213; 

21,  iv,  p  170; 

22,  iv,  p  237 
gage  heights WS  27,  p  65; 

36,  p  177;  49,  p  220;  65,  p  296;  98,  p  234 

hydrograph Ann  22,  iv,  p  237 

rating  tables WS  39,  p  446;  52,  p  515 
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Scioto  River,  Ohio— Continued. 
Kenton,  Ohio: 

discharge,  low-water.  Ann 20,  iv,  p 214-215 
Lakin  dam  site,  Ohio: 

description Ann  20,  iv,  p  212 

discharge,  monthly Ann  20,  iv,  p  213 

Shadeville,  Ohio: 

discharge,  low-water...  Ann  20,  iv,  p  213 
Scioto  River  system: 

description Ann  18,  iv,  pp  458-459; 

20,  iv,  pp  212-215;  22,  iv, 
pp  235-236;  WS  98,  p  233 

map Ann  22,  iv,  p  236 

rainfall  data Ann  20,  iv,  p  213 

rainfall  and  river  stations: 

map Ann  20,  iv,  p  215 

Scossa  Ranch  Creek  in — 
Carson  Valley,  New: 

discharge WS  100,  p227 

Scott  Creek  near- 
Clayton,  Ga.: 

discharge ws  49,  p  206 

Scottville,  N.C. 

Prather  Creek  mar. 

discharge ws  49,  p  210 

Scrongetown  Creek  near— 
Ellijay,  Ga.: 

discharge ws  49,  p  209 

Seattle,  Wash. 

Cedar  River  near: 

description Ann  19,  iv,  p  TiOl ; 

20,  iv,  pp  516-617;  WS  28,  p  171 

discharge,  monthly Ann  19,  iv,  p  502; 

20,  iv,  p  517 

discharge,  yearly Ann  20,  iv,  p  ('>:! 

gage  heights ws  28,  pp  172  173 

hydrographs Ann  19,  iv,  p  501: 

20,  iv,  p516 
rainfall  and  run-off  relation..  Ann  19,  iv, 

p  501 
Sebago  Lake,  Me. 
near  outlet: 

discharge,  monthly.  Ann  19,  iv,  pp  103-108 

hydrographs Ann  19,  iv,  p  101 

rainfall  and  run-off  relation  .  Ann  19,  iv, 

p  102 

surface  levels Ann  19,  iv,  p  100 

Presumpscot  River  at  outlet  of: 

description ws  65,  p  22;  97,  p  67 

discharge,  daily WS  65,  i »  22 ; 

82,  p  15:  97,  p68 
diseharge,  monthly..  WS  75,  p  22;  82,  p  46 

discharge,  yearly Ann  20,  iv,  p  16 

Hehasticook  River,  Me.: 

description Ann  19,  iv,  p  79 

Second  Broad  River,  N.C:     ' 

discharge WS  49,  p  206 

Second  Garrotte,  Cal. 

rainfall  data Ann  18,  iv,  pp  381,  418; 

19,   iv,  pp  538,    639;    20,   iv, 
pp  560, 561;  WS39,  pp  437, 438; 
52,  pp  495,  496;  66,  pp  168,  169 
Sedan,  Kans. 

rainfall  data Ann  19,  iv,  p  366: 

20,  iv,  pp  326,  327,  330 
Sedimentation: 

effects  of,  on  irrigation.  Ann  13,  iii,  pp  130-132 


Sedimentation— Continued. 

in  Rio  Grande  basin Ann  11,  ii,  pp  55-57 

in  Sweetwater  reservoir: 

estimated Ann  18,  iv,  pp  681-682 

methods  of WS  47,  pp  15-18 

observations  of WS  35,  pp  24-25 

Seepage: 

from  Provo  River  canals  . .  WS  52,  pp  500-501 

in  Colorado Ann  20,  iv,  p  298; 

WS  50,  pp  299-306 

in  Boise  Valley,  Idaho Ann  20,  iv,  pp 

484-488;  WS  66,  p  129;  85,  pp  210-212 
in  Gila  River  basin,  Ariz.  Ann21,  iv,  pp343-346 
in  Ogden  Valley,  Utah  . .  Bull  140,  pp  223-224 
in     Salt     Springs     Valley    reservoir, 

Cal Ann  IS,  iv,  p  377 

in  Sevier  River  basin WS  85,  pp  90-94 

in  southern  California  ...  WS  100,  pp  339-343 

in  Yakima  River  basin,  Wash Ann  19, 

iv,  pp  469-473 

near  Phoenix,  Ariz Ann  21,  iv,  pp  379-383 

on  East  Gallatin  River: 

description Ann  19,  iv,  pp  271-273 

tables  and  computations Ann  19, 

iv,  pp  273-275 
Seepage  and  evaporation: 

measurement Ann  13,  iii,  pp  152-161 ; 

Bull  140,  pp  347-350 

in  Jefferson  River  basin,  Mont Ann  13, 

iii,  pp  51-52 
near  Kearney,  Nebr...  Ann  19,  iv,  pp  336-337 
Segovia,  Tex. 

Johnson  Fork  near: 

discharge WS  84,  p  154 

Seguin,  Wash. 

Dungeness  River  near: 

description Ann  20,  iv,  p  518; 

WS16,  p  1S2;  28,  I'  171 

discharge WS  16,  p  182;  28,  p  176 

discharge,  monthly Ann  20,  iv,  p  518 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  16,  p  182;  28,  p  171 

hydrograph Ann  20,  iv,  p  519 

rating  tables WS  28,  p  176 

Selah,  Wash. 

Yakima  River  near: 

description Ann  19,  iv,  p  477; 

WS  16,  p  173 

discharge WS  16,  p  173 

discharge,  monthly Ann  19,  iv,  p  478; 

20,  iv,  p  199 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights WS  16,  p  173 

hydrograph Ann  19,  iv,  p  479 

rating  table Ann  19,  iv,  p  478 

Selah-Moxee  Canal,  Wash.: 

description Ann  22,  iv,  p  451 

Selma,  Ala. 

Alabama  River  near: 

description WS  36,  p  155;  48,  p  169; 

65,  p  282;  83,  p  131;  98,  pp  131-132 

discharge WS  48,  p  169; 

65,  p  282;  98,  p  132 

discharge,  monthly WS  75,  p  93; 

83,  p  133;  98,  p  134 

gage  heights WS  36,  p  155;  48,  p  170; 

65,  p  282;  83,  p  131;  98,  p  132 
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Selma,  Ala.— Continued. 

Alabama,  River  near— Continued. 

hydrograph WS  75,  p  94 

rating  tables "WS  65,  p  323; 

83,  p  132;  98,  p  133 
Selma,  N.  C. 

Neuse  River  near: 

description Ann  18,  iv,  p  52;  "WS  15, 

p  30;  27,  p  25;  36,  p  111;  48,  p  135 

discharge . .  Ann  18,  iv,  p  52;  WS  15,  p  30; 

27,  p44;  36,  pill;  48,  p  135 

discharge,  monthly Ann  18,  iv,  p  53; 

19,  iv,  p  186;  20,  iv,  p  144; 
21,  iv,  p  114;  22,  iv,  p  154 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  16; 

15,  p  30;  27,  p  34;  36,  p  112;  48,  p  136 

hydrographs Ann  19,  iv,  p  186; 

20,  iv,  p  144;  21,  iv,  p  114;  22,  iv,  p  151 

rating  tables Ann  18,  iv,  p  53; 

19,  iv,  p  185;  WS  39,  p  443;  52,  p  512 
Seneca,  111. 

Illinois  River  near: 

description WS  83,  p  173;  98,  p  208 

discharge WS  98,  p  208 

gage  heights WS  98,  pp  208-209 

Seneca,  Nebr. 

Middle  Loup  River  near: 

discharge Ann  18,  iv,  pp  181, 

193;   20,   iv,  p  300;   Bull  140, 
p  117;  WS  27,  p  88;  39,  p  439 
Seneca  Creek  in— 

Potomac  River  basin,  Md.: 

discharge Ann  19,  iv,  p  155 

Seneca  River  near- 
Bald  winsville,  N.  Y.: 

description WS  36,  pp  183- 

184;  49,  pp  222-223;  65,  pp 
128-129;  82,  p  69;  97,  p  394 

discharge WS  47,  p  39; 

49,  p  223;  65,  p  129 

discharge,  daily..  WS  36,  p  184;  65,  p  130; 

82,  p  69;  97,  p  394 

discharge,  monthly "WS  35,  p'24; 

65,  pl31;  82,  p  70;  97,  p  395 

hydrograph Ann  21,  i v,  p  180 

Belgium,  N.  Y.: 

discharge WS  65,  p  129 

Jacks  Reef  bridge,  N.  Y.: 

discharge WS  65,  p  219 

Seneca  River,  S.  C,  near — 
Clemson  College: 

description WS  98,  pp  65-66 

discharge WS  98,  p  66 

-  discharge,  monthly WS  98,  p  67 

gage  heights WS  98,  p  66 

rating  table WS  98,  p  67 

water  power Ann  19,  iv,  p  223 

Seneca  River  basin: 

description Ann  21,  iv,  p  179 

map Ann  21,  iv,  p  180 

Sequoia,  Cal. 

Middle  Fork  Tuolumne  River  near: 

discharge WS  100,  |»  306 

South  Fork  Tuolumne  River  near: 

discharge WS  100,  p  306 


Sequoia  Park,  Cal. 

Marble  Fork  of  Kaweah  River  at: 

discharge WS  100,  p  308 

Sespe  Creek  in— 

Santa  Clara  River  basin,  Cal.: 

discharge Ann  20,  iv,  p  541 

discharge,  low-water WS  28,  p  196; 

39,  pp  432,  434 
Sespe  Creek  and  canal  in— 

Santa  Clara  River  basin,  Cal.: 

discharge WS  100,  p  348 

Sevier  River  near — 
Gunnison,  Utah: 

description WS  51,  p  425;  66,  p  126; 

85,  p  88;  100,  pp  147-148 

discharge WS  51,  p  425;  66,  p  126; 

85,  p  88;  100,  p  148 

discharge,  monthly Ann  22,  iv,  p  420; 

WS  75,  p  197;  85,  p  90;  100,  p  149 

gage  heights WS  51,  p  426;  66,  p  126; 

85,  p  89;  100,  pp  148-149 

hydrograph Ann  22,  iv,  p  420 

rating  tables WS  52,  p  521; 

66,  p  176;  85,  p  89;  100,  p  148 
Joseph,  Utah: 

discharge Ann  11,  ii,  p  109 

discharge,  yearly Ann  20,  iv,  p  61 

Leamington,  Utah: 

description Ann  14,  ii,  p  125; 

Bull  131,  pp  60-61 

discharge,  monthly Ann  11,  ii,  p  105; 

12,  ii,  pp  355, 361;  13, 
iii,  p  97;  14,  ii,  p  126 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  61 

gage  heights Bull  131,  p  61 

hydrograph Ann  12,  ii,  p  342 

rating  table Bull  131,  p  61 

Sevier  River  basin,  Utah: 

description Ann  11,  ii,  pp  74-77; 

12,  ii,  pp  339-344;  22,  iv,  p  417 

seepage  investigations WS  85,  pp  90-94 

Sevierville,  Tenn. 

Little  Pigeon  River,  East  and  West  forks  of,  at: 

discharge WS  49,  p  217 

Sevenmile  Creek  in— 
Laramie  River  basin: 

discharge Ann  13,  iii,  p  80 

Seward,  Nebr. 

Blue  River  near: 

discharge. .  Ann  20,  iv,  p  298;  WS  84,  p  112 
Seymour,  Colo. 

San  Miguel  River  near: 

description Bull  140,  p  193 

discharge Bull  140,  p  193 

discharge,  monthly Bull  140,  p  194 

gage  heights. .  Bull  140,  p  194;  WS  11,  p  68 

rating  table Bull  140,  p  194 

Shadeville,  Ohio 

Scioto  River  near: 

discharge,  low-water...  Ann  20,  iv,  p  214 
Sharon,  Vt. 

White  River  near: 

description WS  97,  p  92 

discharge WS  97,  p  92 

gage  heights WS  97,  p  92 
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Sharon  Springs,  Kans. 

rainfall  data Ann  20,  iv.  pp  306,  309,  313 

Sharp  Creek,  Tenn.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  215 

Sharpsburg,  Md. 

Antietam  Creek  mar: 

description Ann  19,  iv,  pp  148-149 

WS  15,  p  16;  27,  p  10;  35,  p  86;  48,  p  117: 
65,   p  230;    82,    p   170;    97,    pp   318-319 

discharge Ann  l'.t.  i  \  ,  pp  1  is   119; 

WS  15,  p  16;  27,  p  23;  35,  p  86;  48, 

p  117;  65,  p  230;  82,  p  170;  97.  p  319 

discharge,  monthly.  Ann20,iv,pp  L20,  L22; 

21,   iv,    p    95;    22,   iv,    p    L34; 

WS;.i.  p36;  82,  p  L72;  97,  p320 

discharge,  yearly Ann  20,  iv,  p  19 

gage  heights WS  15,  p  16; 

27,  p  19;  35,  p  86;  48,  p  118; 
65,  p231;  82,  p  171;  97,  p  319 

hydrograph* Ann  L9,  iv,  p  L50; 

20,  iv,  p  122;  21,  iv,] » 95;  22,  iv,  p  134 

rating  tables Ann  19,  i\  .  p  1  19: 

WS27.  p24;  39,  p  142;  52,  p511; 
65,  p  318;   82,   p    171:  97.  p  320 
Shasta,  Cal. 

rainfall  -lata WS  7:..  p  228 

Shawmut,  Mont. 

Musselshell  River  near: 

description....  wsm.  p31;  99,  pp  in   L12 

gage  heights WSM.  p  32;  w.  p  112 

Sheets  creek  near— 
Uaculsy,  Ga. : 

discharge ws  49.  p209 

Shelbj ,  Mont. 

Marias  River  near: 

description...  WS84,p32;  99,  pp  112-113 
discharge.  WS66,  p23;  84,  p33;  99.  p  113 

discharge,  monthly wsm.  p34; 

99,  p  n:. 
gage  height-.,  ws  84,p  33;  99.  pp  L13  n  I 

rating  tables ws  84,  p  34;  99,  p  114 

Shelburne,  N.  II. 

V.ndroscoggin  River  al : 

description  ws  97.  p  61 

discharge ws '.'7.  p61 

gage  heights ws  97,  p  »;_> 

Shell  Creek.  Nebr.,  near— 
Platte  Center: 

discharge Ann  18,  i\ ,  p  L93; 

•2ii,  i\,  p  303 
Schuj  lei',  N'ehr.: 

discharge..  Ann  is.  iv,  |>  L93;  20,  iv.  p  303 
Shell  Creek,  Tenn.,  in— 
Watauga  i:i\ er  basin: 

discharge ws  49,  p  216 

Shell  ('reck,  Wyo.,  near- 
Shell: 

discharge Bull  L31,  p91 

Sheridan  Road,  Wyo.: 

discharge Bull  131,  p  90 

Shell  Creek  and  tributaries,  Wyo. 

discharge,  miscellaneous ws  66,  p  23 

Shenandoah  River: 

description Ann  21,  iv,  p  96 

near  Harpers  Ferry,  W.  Va.: 

discharge Bull  131,  p  91 


Shenandoah  River— Continued. 
near  Millville,  W.  Va.: 

description Ann  18,  iv,  pp  26-27; 

Bull  131,  p  89;  140,  p  53;  WS  15, 
p  19;  27,  p  10;  35,  pp  90-91;  48,  p 
120;  65,  p  233;  82,  p  176;  97,  p  312 

discharge Ann  18,  iv,  ]>  '21: 

Bull  140,  p  53;  WS  15,  p  19;  27, 
pp  23-24;  35,  p  91;  48,  p  lid; 
65,  p  233;  82,  p  176;  97,  p  312 
discharge,  monthly...  Ann  19,  iv,  pp  28, 
151;  20,  iv,  pp  120,  127;  21,  iv, 
P  96;  22,  iv,  p  136;  Bull  140,  p  54; 
WS  75,  p38;  82,  p  178;  97,  p  314 

discharge,  yearly Ann  20,  iv,  p  49 

gage  heights Bull  140,  p  54;  WS 

11,  plO;  15,  pl9;  27,  p  20; 
35,  p  91;  48,  p  121:  65,  p 
233;  82,  p  177:  97,   p  313 

hyilr.)graphs Ann  18,  iv,  p  29; 

19,  iv,  p  151;  20,  iv,  |»  12;  21,  iv, 
p  97;  22,  iv,  p  137;  WS  75,  p  39 

rating  tables Ann  18,  iv,  p  28;  19, 

iv,  p  150;  Bull  140,   p  53;  WS 
27,  p  25;  39,  p  442;  52,  p  511; 
65,  p  319;  82,  p  178;  97,  p  313 
Shenandoah  River  basin: 

description,   discharge,   water  powers, 

ami  pollution Ann  19,  iv,  pp  136-140; 

156-161;  Bull  lit),  pp  49-50 

rainfall  and  run-off  relation. .  Ann  20,  iv,  p  121 

water  powers  and  sources  of  pollution..  Ann 

19,  iv.  pp  137-1  in.  L56  161 

Shenandoah  River,  North  Branch: 

near  Port  Republic,  Va.': 

description Ann  18,  iv,  p  25;  Bull 

1  ID.  p  50;  WS  L5,  pl7;  27, 
p  10;  35,  pp  86-87;  48,  p  118 

discharge Ann  is,  iv,  p  26, 

19.  iv.  p  138;  Bull  140,  p 
51;  WS   15,    p  17;  3">,  p  87 

discharge  monthly Ann  20, 

i\,  ppl21,  123-124 

discharge  yearly Ann  20,  iv,  p  59 

gage  heights Bull  140, 

p51;  WS11,  p9;  15, 
pl8;  27,p20;  35,  p88 

hydrograph Ann  20,  iv,  p  126 

rainfall  and  run-off  relation Ann  20, 

iv,  p  121 

rating  tables WS  27,  p  25 

near  Riverton,  Va.: 

description . . .  Bull  140,  p  52;  WS  35,  p  88; 
48,  p  118;  65,  p  231;  82,  p  172;  97,  p  317 

discharge Ann  19,  iv,  p  137;  Bull  140, 

p  52;  WS35,  p88;  48,  p  118; 
65,  p  231;  82,  p  173;  97,  p  317 

discharge,  monthly Ann  22,  iv,  p  135; 

WS  75,  p  26 

gage  heights WS  35,  p  89; 

48,  p  119;  06,  P  232;  82,  p  173;  97,  p  318 

hydrograph Ann  22,  iv,  p  136 

rating  tables WS  52,  p  511;  65,  p  319 

Shenandoah  River,  South  Branch: 
near  Elk  ton,  Va. : 

discharge Ann  19,  iv,  p  138 

canoe  survey Ann  22,  iv,  pp  140-144 
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Shenandoah  River,  Soutli  Branch— Continued, 
near  Front  Royal,  Va.: 

description WS  35,  p  89;  48,  p  119; 

65,  p  232;  82,  pp  173-174;  97,  pp  314-315 

discharge WS  35,  p  89;  48,  p  119; 

65,  p  232;  82,  p  174;  97,  p  315 

discharge,  monthly WS  75,  pp  37-38; 

82,  p  175;  97,  p  316 

gage  heights WS  35,  p  90;  48,  p  120; 

65,  p  232;  82,  p  174;  97,  p  315! 

rating  tables WS  65,  p  319* 

82,  p  175;  97,  p  316 
near  Port  Republic: 

description . .   Ann  18,  iv,  p  25; 

Bull  140,  p  50;  WS  15,  p  17; 
27,  p  10;  35,  p  87;  48,  p  118 

discharge Ann  18,  iv,  p  26; 

19,  iv,  p  138;  Bull  140,  p 
51;  WS  15,  pl7;  35,  p  87 

discharge  monthly Ann  20,  iv, 

pp  125-126 

discharge  yearly Ann  20,  iv,  p  49 

gage  heights Bull  140,  p  52; 

WSll,p9;  15,  p  18;  27,  p 20;  35,  p  88 

hydrograph Ann  20,  iv,  p  126 

rainfall  and  run-off  relation Ann  23, 

iv,  p  121 

rating  tables WS  27,  p  25 

below  junction  of  North  and  South  rivers: 

discharge Ann  18,  i v,  p  25 

near  Riverton,  Va.: 

map Ann  22,  iv,  p  142 

profile Ann  22,  iv,  p  143 

discharge Ann  19,  iv,  p  138 

water  powers Ann  22,  iv,  p  144 

Shepherd  Creek  near- 
Independence,  Cal.: 

discharge WS  100,  p  225 

Sheridan,  Wyo. 

Big  Goose  Creek  near: 

description  ..  Ann  18,  iv,  p  137;  19,  iv,  pp 
295-297;  Bull  140,  p  94;  WS  15,  p  77 

discharge Bull  131,  p  91 ;  140,  p  94 

discharge,  monthly Ann  18,  iv,  p  138; 

19,  iv,  p  297 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights Bull  1 40,  p  94; 

WS  11,  p  50;  15,  p  77 

rating  tables Ann  18,  iv,  p  137; 

19,  iv,  p  297 
Little  Goose  Creek  near: 

description Ann  18,  iv,  p  136; 

WS  15,  p  77 

discharge Bull  131,  p  91 

discharge,  monthly Ann  18,  iv,  p  137 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights WS  11,  p  49;  15,  p  77 

rating  tables Ann  18,  iv,  p  136; 

19,  iv,  p  297 
Sheridan  Creek  in— 
Carson  River  basin: 

discharge WS  85,  p  126;  100,  p  227 

Sheridan  road,  Wyo. 
Fullerton  Creek  at: 

discharge Bull  131,  p  90 

Piney  Creek  at: 

discharge Bull  131,  p  90 


Sheridan  road,  Wyo. — Continued. 
Shell  Creek  at: 

discharge Bull  131,  p  90 

Sherman,  Colo. 

Lake  Fork  River  near: 

discharge WS  100,  p  94 

Sherman,  Mich. 

Manistee  River  near: 

description WS  97,  pp  440-441 

discharge WS  97,  p  441 

gage  heights WS  97,  p  441 

Sherwood,  Ohio. 

Maumee  River  near: 

description WS  97,  p  429 

discharge WS  97,  p  429 

gage  heights WS  97,  p  430 

Sheyenne  River  near — 
Haggart,  N.  Dak.: 

description WS  85,  p  236;  100,  p  498 

discharge WS  85,  p  236;  100,  p  499 

discharge,  monthly WS  100,  p  500 

gage  heights WS  85,  p  237;  100,  p  499 

rating  table WS  100,  p  500 

Shields  Creek,  Mont. 
Pine  Creek  near: 

discharge Ann  11,  ii,  p  107 

Shields  River  near— 
Bozeman,  Mont.: 

discharge WS  15,  p  75 

Flathead  Creek,  Mont.: 

discharge Ann  11,  ii,  p  107 

Rock  Creek,  Mont.: 

discharge Ann  11,  ii,  p  107 

Shitike  River  near- 
Warm  Springs  Agency,  Wash.: 

discharge Ann  19,  iv,  p  498 

Shoal  Creek  near — 

Bramlett  Shoals,  Ga.: 

discharge WS  49,  p  207 

Shoal  Creek: 

in  Cha^ahoochee  River  basin: 

discharge WS  49,  p  208 

near  Dawsonville,  Ga.: 

discharge WS  49,  p  208 

Shoals,  Ind. 

White  River  (East  Branch)  near: 

description WS  98,  pp  216-217 

discharge WS  98,  p  217 

discharge,  monthly WS  98,  p  218 

gage  heights WS  98,  p  217 

rating  table WS  98,  p  218 

Shobe  Branch,  Nebr. 

discharge WS  39,  p  440 

Shoshone,  Colo. 

Grand  River  near: 

description WS  16,  p  137 

Shoshone,  Idaho. 

Little  Wood  River  near: 

discharge Ann  11,  ii,  p  110 

Shoshone  River  near- 
Cody,  Wyo.: 

description WS  84,  p  21;  99,  p  83 

discharge WS  84,  p  22;  99,  p  84 

discharge, monthly. .  WS  84,  p  23;  99,  p  85 

gage  heights WS  84,  p  22;  99,  p  84 

rating  tables WS  84,  p  23;  99,  p  85 
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Shoshone  River  near— Continued. 
Lovell,  VVyo.: 

description....  Ann  20,  iv,  p  249:  WS  15. 
p  76;  27,  p  69;  37,  p  212 

discharge WS  15,  p  76 

discharge,  monthly Ann  19,  iv,  p  292; 

20,  iv,  J.249 

discharge,  yearly Ann  20.  iv,  p  53 

gage  heights WS  15.  p  76 

27,  p73;  37,  p212 

hydrographs Ann  lit,  iv,  p  293; 

20,  iv.  p  249 

rating  tables Ann  lit.  iv,  p  292; 

WS  27,  p  76 
Shoshone  River  basin,  Wyo.: 

description Ann  lit.  iv,  pp  290-292 

Shoshone  River,  South  Fork,  at— 
Marquette,  Wyo.: 

description WS  99,  pp  ^>  86 

discharge WB99,  p86 

discharge,  monthly ws  99,  p  87 

gage  heights WS99,  pp86  s? 

rating  table ws  99,  p  87 

Shutin  Creek  near- 
Hot  Springs,  N.  C: 

discharge ws  49,  p  212 

Sideling  Creek  in— 

Potomac  River  basin: 

discharge Ann  L9,  iv,  p  148 

Sidney,  Nebr. 

Lodgepole  Creek  i  e  ir: 

discharge WB39,p  139 

rainfall  data Ann  L3,  iii.  i>  77; 

20,  iv.  pp257,  260,  265 
sierra  Creek  in— 

<  larson  Valley,  Nev.: 

discharge ws  L00,  p  228 

Sierra  Tower  House,  Cal. 

rainfall  data ws  66,  pp  168,  L69 

Siloam,  N.  C. 

Yadkin  River  near: 

description ws  18,  pp  138  139; 

65,  p  245;  83,  pp  til  65 

discharge ws  48,  p  139; 

65,  p  215;  83,  p  65 

discharge,  monthly ws  83,  p  68 

gage  heights ws  18,  p  L39; 

65,  p  245;  83,  pp  65-66 

rainfall  data WS  83,  p  68 

rating  table WS83,  p  67 

silt  and  Sedimentation- 
effects  of,  on  irrigation..  Ann  13,  iii,  pp  130  L32 
Se<  also  Sedimentation. 
Silver  Creek,  Idaho: 
in  Wood  River  basin: 

description Ann  11,  ii,  pp  83,  84 

near  Bellcone: 

discharge Ann  11,  ii,  p  no 

Silver  Creek,  N.  ('.: 
near  Morgan  ton: 

discharge WS  49,  p  205 

Silver  Creek,  Oreg.: 
near  Riley,  Oreg.: 

description "WS  100,  p  436 

discharge WS  100,  p  436 

Silver  King,  Ariz: 

rainfall  data Ann  12,  ii,  p  307 


Silver  Spring  near— 
Ocala,  Fla: 

discharge WS  27,  p  45 

Silverton,  Colo. 

Animas  River  near: 

description WS  100,  p  54 

discharge WS  100,  p  55 

discharge,  monthly WS  100,  p  56 

gage  heights WS  100,  p  55 

rating  table WS  100,  p  55 

Cement  Creek  near: 

discharge WS  100,  p  64 

Mineral  Creek  near: 

discharge WS  100,  p  64 

si  hies,  Oreg. 

Silver  River  near.    See  Silvies  River. 
silvies  River  near — 
Burns,  Oreg.: 

description ws  loo,  pp  431-432 

discharge ws  100,  p  432 

discharge,  monthly WS  LOO,  p  133 

gage  heights WS  100,  pp  432-433 

rating  table WS100,p433 

Silvies,  Oreg.: 

description WS  100,  p  434 

discharge WS  100,  p  434 

discharge,  monthly ws  100,  p  436 

gage  heights WS100,  p  435 

rating  table WS  100,  p  435 

Shnmonds  Creek  in— 
Washoe  Valley,  Nev.: 

discharge WS  100,  p  231 

Singleton  ditch  near— 
Dahlonega,  Qa.: 

discharge ws  49,  p  208 

Sinking  Creek,  Tenn.,  in- 
South  Fork  Holston  River  basin: 

discharge ws  49,  p  215 

Watauga  River  basin: 

discharge ws  19,  p  216 

Sinlahekin  Creek  near— 
Loomis,  Wash.: 

description WS  100,  p  394 

discharge WS  100,  p  395 

gage  heights WS  100,  p  395 

SiOUX  Falls,  S.  Dak. 

Big  Sioux  River  near. 

description WS  19,  p  271;  66,  p  24 

discharge WS  19,  p  271 ; 

66,  p  24:  84,  p  49 

discharge,  monthly WS  75,  pl24 

gage  heights WS49,  p271;  66,  p  25 

rating  table WS  66,  p  170 

Sisquoc  River  near— 
Sisquoc  Ranch,  Cal.: 

discharge WS  100,  p  343 

sissons,  Cal. 

rainfall  data Ann  18,  iv,  p418; 

19,  iv,  pp  538,  539;  20,  iv,  pp  560, 
561;    WS  39,   pp  437,   438:  52,  p 
495,  496;  66,  pp  168,  169;  75,  p  228 
Sittingdown  Creek  at— 
Creighton,  Ga.: 

discharge "WS  49,  p  208 

Skaneateles  Lake  dam  at— 
Skaneateles,  N.  Y.: 

discharge,  daily ...  WS  65,  pp  117-118 

discharge,  monthly WS  65,  p  128 
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Skaneateles  Lake  outlet,  N.  Y. 

description WS  65,  pp  116-117,  120 

near  Jordan,  N.  Y.: 

discharge,  daily WS  65,  pp  121-122 

discharge,  monthly "WS  65,  p  126 

near  Skaneateles,  N.  Y.: 

discharge,  daily WS  65,  pp  117-118 

near  Willowglen,  N.  Y.: 

description...  WS  82,  p  67;  97,  pp  39-5-396 

discharge WS  65,  p  121 

discharge,  daily WS  65,  pp  118-119, 

123-126;  82,  p  67;  97,  p  396 

discharge,  monthly WS  65,  p  122, 

128;  82,  p  68;  97,  p  397 
Skeinah  Creek,  Ga.,  in— 
Toccoa  River  basin: 

discharge WS  49,  p  218 

Skunk  Creek,  Nebr. 

discharge Ann  20,  iv,  p  303 

Skykomish  River,  South  Fork- 
near  Index,  Wash.: 

description WS  85,  p  222;  100, 

pp  471-472 

discharge WS  85,  p  223 

discharge,  monthly WS  100,  p  474 

gage  heights WS  85,  p  223;  100, 

pp  472-473 

rating  table WS  100,  p  473 

near  Skykomish,  Wash.: 

discharge WS  100,  p  472 

Slater,  Colo. 

Slater  Fork  of  Little  Snake  River  near: 

discharge WS  28,  p  143 

Slate  River,  Colo.,  in — 
Grand  River  basin: 

discharge WS  100,  pp  94,  95 

Slate  River,  Va.,  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  171 

Sleepy  Creek  near — 
Hancock,  Md.: 

discharge Ann  19,  iv,  p  136 

Slocums  Grove,  Mich. 
Crockery  Creek  near: 

description WS  83,  pp  277-278; 

97,  pp  447-448 

discharge WS  83,  p  278 

gage  heights WS  83,  p  279;  97,  p  448 

Slope,  determination  of  discharge  from..  "WS  35, 
pp  15-19;  65,  pp  184-192,  198-204 
Slope  gagings  in— 

Mohawk  River  basin,  tables WS  65, 

pp  184-192,  198-204 
Smartville,  Cal. 

Yuba  River  near: 

description WS  51,  p  452;  100,  p  270 

discharge.  WS 51,  p  452;  85,  p  157;  100,  p 270 

discharge,  monthly Ann  22,  iv,  p  463; 

WS  100,  p  272 

gage  heights WS  51,  p  453;  100,  p  271 

rating  table WS  100,  p  271 

Smith  Creek  near — 
Augusta,  Mont.: 

discharge Ann  19,  iv,  p  290 

Smith  ditch  in— 
Spearfish  Valley: 

discharge WS  99,  p  136 


Smithfield,  N.  C. 

Neuse  River  near: 

discharge Bull  140,  p  69 

Smiths  Creek  at — 
Clifton  Forge,  Va.: 

discharge Ann  19,  iv,  p  170 

Smith's  ranch,  Cal. 

rainfall  data WS  39,  pp  437,  438; 

52,  pp  495,  496;  66,  pp  168,  169 
Smiths  River  in — 

Roanoke  River  basin: 

water  powers Ann  19,  iv,  pp  177-178 

Smith  River  basin,  Mont.: 

irrigation  surveys Ann  13,  iii,  pp  58-69 

Smith  Valley  ditches,  Nev. 

discharge WS  100,  p242 

Smithwick  Creek  in— 

Etowah  River  basin,  Ga.: 

discharge WS  49,  p  208 

Smoky  Hill  mine,  Colo. 

rainfall  data Ann  20,  iv,  pp  257,  259,  265 

Smoky  Hill  River: 

description Ann  21,  iv,  p  223 

near  Ellsworth,  Kans.: 

description Ann  18,  iv,  pp  212-213; 

Bull  140,  p  142;  WS  16,  p  114; 
27,  p  90;  37,  p  251;  50,  p  316; 
66,  p  45;  84,  p  110;  99,  p  230 

discharge Ann  18,  iv,  p  213; 

Bull  140,  p  143;  WS  16,  p  114; 
27,  p  95;  37,  p  251;  50,  p  316, 
66,  p  45;  84,  p  110;  99,  p  231 

discharge,  monthly Ann  18,  iv,  p  214; 

19,  iv,  p  347;  20,  iv,  p  315;  21,  iv, 
p  225;  22,  iv,  p  336;  Bull  140,  p  143; 
WS  75,  p  143;  84,  p  112;  99,  p  232 

discharge,  yearly Ann  20,  iv,  p  56 

gage  heights Bull  140,  p  143; 

WS  11,  p  58;  16,  p  114;  27, 
p93;  37,  p  252;  50,  p  317;  66, 
p  45;   84,  p  111;    99,  p  231 

hydrographs Ann  18,  i v,  p  215; 

19,  iv,  p  347;  20,  iv,  p  315; 
21,  iv,  p226;  22,  iv,  p  336 

rating  tables. Ann  18,  iv,  p  214; 

19,  iv,  p  346;  WS  27,  p  96;  39,  p  449; 
52,  p  517;  66,  p  172;  84,  p  111;  99,  p  232 
Smoky  Hill  River  basin: 

description..  Ann  18,  iv,p  207;  Bull  140,  p  138 
Snake  Creek  Ga.,  near — 
Banning: 

discharge WS  98,  p  128 

Snake  Creek,  Nebr.: 

description Ann  19,  iv,  p  770 

Snake  River,  Colo. 

See  Little  Snake  River. 
Snake  River: 

description Ann  20,  iv,  p  469 

discharge,  miscellaneous...  Ann  20,  iv,  p  303 
near  Blackfoot,  Idaho: 

discharge Bull  131,  p  92 

near  Boise,  Idaho: 

discharge,  monthly WS  75,  p  201 

near  Henrys  Lake,  Idaho: 

discharge WS  100,  p  461 

near  Idaho  Falls,  Idaho: 

description.  Ann  14,  ii,  pl27;  Bull  131, p 64 
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Snake  River— Continued. 

near  [daho  Falls,  [daho — Continued. 

discharge,  low-water Ami  L9,iv,p  145 

discharge,  monthly Ann  11,  ii.  p  L06; 

12,ii,pp357,361;  13,  Lii,  p98;  1  I.  ii.  pl29 

discharge,  yearly Ann  13.  iii,  p  99; 

20  iv.  p61 

■   heights Bun  i:;i.  p  65 

hydrographs Ann  12, 

ii.  p344;  11.  ii.  p  128 

rating  tables Bull  131,  p  64 

near  Kennedy,  Nebr.: 

discharge Ann  19,  iv,  p  300 

near  Lew  iston,  [daho: 

description Bnii  1 10,  p  243 

near  mouth  of  Blackfool  River.  Idaho: 

discharge WS85,  p  216 

near  Montgomerj  Ferry,  [daho: 

description Ann  L8,  iv,  pp334  33  ; 

Bull  1  m.  p241;  WS  Id,  p  L65;  58, 
p  155;  38,  pp  35]  352;  -1.  p  126; 
66, p  126;  85,  pp213  2]  I:  inn.  p  i  p; 

discharge Ann  L8,  i\ .  p  335; 

Bull  140,  p241;  WS  16,  p  L65; 
28,  |'  1'.-:  38,  i>  352;  51,  |>  126; 
(Hi.  p  L26;  85,  p  21  I:   Inn,  p  111 

discharge,  monthly Ann  18,  iv,  p  336; 

I'.t,  iv,  p  117:  20,  iv,  pp  IT::,  171: 
21,   iv,   p    105;    WS    inn,   p    145 

discharge,  yearly Ann  20,  i\ .  p  6] 

heights....  Bun  1  in.  p231;  ws  11.  p 
80;  L6,  p  165;  28,  p  L60;     - 
66,  p   L27;  85,    p  '-'1  I;  LOO,   p  444 

n.  drographs Ann  19,  iv,  p  I  Is: 

20,  iv,  p  175;  21,  h  .  p  106 

rainfall  and  run-off  relation Ann  20, 

iv,p  IT  I 

rating  tables Ann  18,  iv,  p  335;  19,  iv, 

p  117:  WS  28,  p  L69;  39,  p  153;  100,  p  145 
near  outlel  of  Jackson  Lake: 

discharge Ann  19,  iv,  p  in 

near  Pasco,  Wash.: 

discharge Ann  L9,  iv,  p  466 

Snake  River  basin: 

artesian  water Ann  22,  iv,  pp  128  130 

description Ann  11,  ii,  pp  77  92; 

12,  ii.  p  344;  18,  iv,  p  330;  L9,  iv. 
pp  14  1    117:  21,  iv,  pp  in:;   |n|;  22, 
iv.   pp    12]    124:  Bull   l  lo.  p  _>:;:. 
ditches  in: 

discharge Ann  11,  ii.  p  110 

hydrography Ann  22,  i\.  pp  124-427 

irrigated  lands Ann  22,  iv,  p  125 

irrigation  possibilities. .  Ann  22, i\  pp427  128 
irrigation  surveys  in: 

engineering  report..  Ann  11,  ii,  pp  190  200 

rainfall  data Ann  20.  iv,  pp  469  171 

rainfall  and  river  stations,  map Ann  20, 

iv,  p  17n 
Snake  River,  North  Fork: 

discharge Ann  ii,  ii,  p  no 

near  <  >ra.  Idaho: 

description WS85,  p215;  100,  p  155 

discharge WS85,  p215;  inn.  p  i.v, 

discharge,  monthly  —  Ann  11,  ii.  p  L05; 
WS100,  p  157 

gage  heights WS  85,  p  215;  100,  p  156 

rating  table WS  100.  p  456 


Snake    River,    Slater    Fork    of.      Se<     Little 

Snake  River, 
snake  River,  South  Fork— 

discharge Ann  n,  ii.  p  no 

canals  from: 

discharge Ann  11,  ii.  p  so 

near  Lyon,    Idaho: 

description ws  ion,  pp  449-450 

discharge ws  100,  p  150 

discharge,  monthly wsioo.  p  r>2 

gage  heights WS100,pp  150-453 

rating  table ws  ion.  p  i;.i 

Moran,  Wyo.: 

description ws  loo,  p  452 

discharge ws  inn.  pp  152,461 

gage  heights WS  100,  p  153 

near  Texas  Rapids,  Wash.: 

discharge Ann  19,  iv,  p  460 

near  Valentine,  Nebr.: 

discharge Aim  L9,  iv,  p300 

near  Weiser,  [daho: 

description Bull  1  In.  p  243 

Sneddens,  Cal. 

iain fall  data Ann  10,  iv,  pp  538,  539; 

20,  h  .  p|>  560,  561;  ws  39,  pp  137, 
138;  52,  pp  10.".,  196;  66  pp  168,  169 
Snelh  i  1  If.  6a. 

Hayncs  Creek  at: 

discharge ws  io.  p  207 

Snoqualmie  Falls,  Wash. 

Snoqualmie  Rivernear:  Set  Snoqualmie 
River. 
Snoqualmie  River  near— 
Snoqualmie  Falls,  Wash. 

description WS.85,  pp220-221j 

inn.  pp  168  loo 

discharge ws  v..  p221;  inn.  p  169 

discharge,  monthly ws  100,  p  171 

gageheights ws  85,  pp  221-222; 

inn.  pp  169   I7<> 

rating  table ws  inn.  p  170 

Snow  Crc.k  in— 

.lanies  River  basin: 

discharge Ann  io,  iv.  p  170 

-now  ( !reek,  N.  < '..  mar— 
Wing: 

discharge ws  19.  p213 

Snowvillc,  Ltah. 

rainfall  data Ann  20,  iv,  pp  154-456,  158 

Soapstone  Mountain,  N.  <'. 

rainfall  data WS  83,  p  55 

Socorro,  N.  Me.\. 

rainfall  data Ann  20,  iv,  pp  356, 357, 359 

Soda  '  'reek  in- 
Kern  River  basin.  <  !al.: 

discharge ws  inn.  p307 

Soda  Springs,  Idaho 
Bear  Rn  er  near: 

description Ann  18,  iv.  p  312; 

WS  28,  p  146 

discharge Ann  18,  iv,  p  312; 

WS  28,  p  153 

discharge,  monthly Ann  18,  iv,  p  313 

discharge,  yearly Ann  20,  iv,  p  60 

gage  heights ws  LI,  p  76;  28,  i>  HO 

rating  tables Ann  18,  iv,  p  312; 

WS  28,  p  154 
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Solado  River,  Tex.: 

description ws  66,  p  60 

discharge .*.  WS  66,  p  60 

Soldier  Creek  near — 
Crawford,  Nebr.: 

discharge ws  27,  p  88 

Fort  Robinson,  Nebr.: 

discharge. . .  Ann  18,  iv,  pl93;  20,  iv,  p303; 
WS27,  p88;  50,  p  311 
Soldier  Summit,  Utah. 

rainfall  data Ann  20,  iv,  pp  375,  377, 379 

Soledad-,  Cal. 

Arroyo  Seco,  near: 

description. .  WS  85,  pp  163-164;  100,  p  310 

discharge WS  85,  p  164;  100,  p  310 

discharge,  monthly WS  85,  p  165; 

gage  heights WS  85,  p  164; 

100,  pp  310-311 

rating  tables WS85,  p  165;  100,  p  311 

Soleduck  River,  Wash. 

discharge Ann  19,  iv,  p  504 

near  Quillayute,  Wash.: 

description WS  16,  p  184; 

28,  p  171;    38,  pp  386- 
387;  51,  p449;  66,  p  141 

discharge WS  16,  p  184;  28,  p  176;  38, 

p  387;  51,  p  449;  66,  p  141 

discharge,  monthly.  Ann  20,  iv,  p  523;  21, 

iv,  p  443;  22,  iv,  p  461;  WS  75,  p  209 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  16,  p  184;  28,  p  175; 

38,  p  387;  51,  p  450;  66,  p  142 
hydrographs Ann  20,  iv,  p  523; 

21,  iv,  p  443 
rating  tables WS  28,  p  176; 

39,  p  455;  52,  p  523;  66,  p  177 
Soleduck  River  basin,  Wash.: 

description Ann  21,  iv,  p  4 12 

Solomon  River,  Kans. 

description Ann  19,  iv,  p  341 

near  Beloit,  Kans.: 

description Ann  18,  iv,  pp  207-208; 

Bull  140,  pp  138-139;  WS  16,  p  110 

discharge Ann  18,  iv,  p  208; 

Bull  140,  p  139;  WS  16,  p  110 

discharge,  monthly Ann  18,  iv, 

pp  209-210;  19,  iv,  p  341;  Bull  140,  p  140 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights Bull  140,  p  140 

WS11,  p57;16,  p  110 

hydrographs Ann  18,  iv,  p  210; 

19, iv, p  342 

rating  tables Ann  18,  iv,  p  209; 

19,  iv, p  341 
near  Niles,  Kans.: 

description WS  16,  p  111; 

27,  p  90;   37,  p  249;  50,  p  314;  66, 
p  44;  84,  pp  105-106;  99,  pp  224-225 

discharge WS  16,  p  111; 

27,  p  95;  37,  p  249;  50,  p  314; 
66,  p  44;  84,  p  106;  99,  p  225 

discharge,  monthly Ann  19,  iv,  p  343; 

20,  iv,  pp  312-314;  21,  iv,  p  223;  22,  iv, 

p  334;  WS  75,  p  142;  84,  p  107;  99,  p  227 

discharge,  yearly Ann  20,  iv,  p  56 


Solomon  River,  Kans.— Continued, 
near  Niles,  Kans.— Continued. 

gage  heights WS  16,  p  111; 

27,  p  92;  37,  p  250;  50, 
p  315;  WS  66,  p  44;  84, 
p   106;    99,   pp   225-226 

hydrographs Ann  19,  iv,  p  343; 

20,  iv,  p  314;  21,  iv,  p  224;  22,  iv,  p  334 
rainfall  and  run-off  relation..  Ann 20,  iv, 

p  313 

rating  tables Ann  19,  iv,  |»  342; 

WS  27,  p  96;  39,  p  449;  52,  p  517; 
66,    p    172;    SI,  ]»  107;    99,  p  226 
Solomonsville  Valley,  Ariz.: 
canals  and  ditches  in: 

discharge Ann  21,  iv,  pp  341-342 

map Ann  21,  iv,  p  341 

description Ann  21,  iv,  pp  339-340 

seepage  computations. .  Ann  21,  iv,  pp 343-346 
Somers  Creek  in— 

Walker  River  basin: 

discharge WS  85,  p  125 

Sonora,  Cal. 

rainfall  data Ann  18,  iv,  pp  373,  418; 

19,  iv,pp 538,539; 20,  iv,pp560,561;  WS39, 
pp  437,438;  52,  pp  495,  496;  66,  ppl68,  169 
Soque  River  near — 
Clarksville,  Ga.: 

discharge WS  36,  p  141 

Porters  Mills,  Ga.: 

discharge WS  49,  p  208 

South  Bend,  Ind.: 

St.  Joseph  River,  near: 

discharge WS  49,  p  257 

water  powers WS  49,  pp  255-256 

Southbend,  Nebr. 
Platte  River  near: 

description WS  99,  pp  138-139 

discharge WS  99,  p  139 

gage  heights "WS  99,  p  139 

South  Bethlehem,  Pa. 
Lehigh  River  near: 

description Ann  20,  iv,  pp  86-87; 

WS  65,  p  213;  82,  p  132;  97,  p  255 

discharge Ann  20,  iv,  p  87; 

WS82,  p  132;  97,  p  255 

discharge,  monthly WS  97,  p  257 

gage  heights WS  65,  p  214; 

82,  p  133;  97,  p  256 

rating  table WS  97,  p  256 

South  Boston,  Va. 
Dan  River  near: 

description WS  48,  pp  132-133; 

65,  p  240;  83,  p  19;  98,  p  18 

discharge WS  48,  p  L33; 

65,  p  240;  83,  p  19;  98  p  19 

discharge,  monthly WS  75,  pp  52-53; 

83,  p21;  98,  p  21 

gage  heights WS  48,  p  133; 

65,  p  241;  83,  pp  19-20;  98,  p  19 

rating  tables WS  65,  p  319; 

83,  p20;  98,  p  20 
South  Boulder  Creek  near- 
Marshall,  Colo.: 

description Ann  18,  iv,  p  169; 

Bull  140,  pp  107-1 08;  WS  15, 
p  91;  27,  p  77;  37,  pp  229-230; 
49,    pp    286-287,    66,    p    32 
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South  Boulder  Creek  near— Continued. 
Marshall,  Colo.— Continued. 

discharge Ann  18, iv, p.  169;  Bull  140, 

p  108;  WS  15,  p  91;  27,  p  86; 
37,  p230;  49,  p  287;  0(1,  p32 

discharge,  monthly Ann  18,  iv,  p  170; 

19.  iv.  p  318;  20,  iv,  p  287;  21.  iv,  p206; 
22,    iv,    p   323,    WS  75,   pp  128,   136 

discharge,  yearly Ann  20.  iv.  p  54 

gage  heights Bull  140,  p  108; 

WS11,  p54;  15,  p91;  27,  p  82; 
37.  p  230;   49.   p  287;   (16.  p  33 

hydrographs Ann  19,  iv,  i»  318; 

20,  iv.  p  288;  21,  iv.  p  206;  22,  iv,  p  323 

rating  tables Ann  is,  iv,  p  170; 

19,  iv,  p318;  WS  27,  i» 
89;  39,  p  44S;  (iti,  p  171 

seepage  computations ws  50.  p304 

South  Broad  River  near— 
Carlton,  (ia.: 

discharge ws  19,  p207:  98,  p7J 

South  ('aim.  X.  Y. 

Cat^kill  Creek  near: 

description WS65,  p  61;  '.'7,  pp 

17s  17-.;  82,  pp  109  IK) 

discharge ws  65,  p  62; 

B2,  p  lit);  'j:.  pp  17'.»  L80 

discharge,  daily WS97,ppl86  188 

discharge,  monthly ws  i.i7.  ]>  189 

discharge,  winter ws  65,  p  63 

gage  heights ws  65,  p  62; 

82,  pp  lid.  Ill:  97,  ppl81    L83 

ratingtables WS97,  pp  184  L85 

water  powers ws  65,  p  62 

South  Clearwater  River  in— 
Bittei  rool  Foresl  Reserve: 

<li^eh;iIL,re Ann  19,  i\  ,  1'   160 

South  Dakota.  Eastern: 

new  developments  in  well  boring  and 

irrigation  in,  by  N.  II.  Darton Ann  18, 

iv,  pp  561  615 
South  ditch  in— 

Rapid  Creek  Valley: 

discharge WS99,  p  135 

Southern  Appalachian  Pari  (proposed) 

climate Ann  22,  iv,  pp  L79  181 

forests  and  lumbering Ann  22.  iv,  p  17s 

gaging  stations Ann 22,  iv,  pp  183  1st 

geologj Ann  22,  iv,  pp  177  L78 

highways Ann  22,  iv.  p  I7'.i 

minerals Ann  22,  iv.  p  17'.» 

physical  features Ann  22,  iv.  pp  17:>  177 

rainfall  ami  stream  flow Ann  22, 

i\  .   pp   L81     is;; 

scope  of  investigation..  Ann 22,  iv,  ppl73  17"> 
Southern  California  drainage 

description WS  85,  p  L63 

diurnal  variation, diagram. .  Ann22,iv,p498 
Southern  California  improvement  Co. 

description  of  works  of Ann  19,  iv, 

pp629  632 
Southern  Pines,  N.  c. 

rainfall  data WS  83,  p  54 

South  Fork,  Wyo. 

Little  Laramie  River  near: 

discharge Bull  131,  p  90 

South  Fork  reservoir  site,  Colo.: 

description Ann  18,  iv,  p  267 


South  Indian  Creek  near — 
Erwin,  Tenn. 

discharge ws  49,  p  21; 

South  Llano  River  near- 
Junction  City,  Tex.: 

discharge ws  84,  p  154 

South  Loup  River  near- 
Arnold,  Nebr.: 

discharge Ann  20,  iv,  p  300 

Callaway,  Nebr.: 

discharge  ..  Ann  18,  iv,  p  193;  20  iv,  p  300 
Georgetown,  Nebr.: 

discharge Ann  20,  iv,  p  300; 

Bull  131.  p'.tl 
Ravenna,  Nebr.: 

discharge Ann  18,  iv,  pp  181,193s 

20,  iv,  p300 
St.  Michael,  Nebr.: 

discharge..  Ann  19,  iv,  p  335;  20, iv,  p  300 
south  Maquoketa  River  near— 

Montieello,  Iowa: 

discharge ws  99,  p  18 

South  Platte,  Colo. 

North  Fork  of  South  Platte  River  near: 
discharge ws  99,  p  207 

South  Platte  River  near: 

South     Platte    River    at    South 

Platte. 

South  Platte  River: 

description ws  37,  pp  221-222; 

4iK  pp  278-279 
near  Rig  Spring,  N't  hr.: 

description WS  84,  pp  72  73; 

99  pp  176-177 

discharge ws  84,  p  73;  99,  p  177 

discharge,  monthly ws  99,  p  178 

gage  heights ws  si.  p  73; 

99,  pp  177-178 

rating  table WS  99,  p  17S 

near  Keanshury,  Colo.: 

description Ann  IS,  iv,  p  159; 

Bull  111),  pp  103-104;  WS  15,  p87 
discharge....  Bull  110.  p  L04;  ws  15,  p87 

discharge,  monthly Ann  13,  iii,  p  93; 

is,  iv,  pl62;  19,  iv,  p  312 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights Bull  140,  p  KM; 

WS  11,  p52;  15,  p87 

hydrographs Ann  13,  iii,  p  84 

18,  iv,  ].  166;  19,  iv,  p  313 

ratingtables Ann  is,  iv,  pp  160  L62; 

19.  iv,  p312 
near  Denver,  Colo.: 

description Ann  18,  iv,  pp  162  163; 

Bull  llii,  pp  104-105;  WS  15,  p  88; 
27.  p  77;  37.  p  225;  49,  p  281;  C>t\, 
P  3d:   84,  pp  86-87;    99,  pp  199-200 

discharge Ann  13,  iii,  p  85; 

18,  iv,  p  163;  Bull  140,  p  105;  WS 
15,  ].  88;  27,  p  86;  37,  p  225;  49,  p 
281;  66,  p  30;  84,  p  87;  99,  p  201 

discharge,  monthly Ann  is,  iv, 

p  165;  19,  iv,  p  31  1;  20,  iv,  pp 
263,  279;  21,  iv,  p  202;  22,  iv, 
p319;  Bull  110,  p  106;  WS  75, 
pp  127,  136;  84,  p  88;  99,  ]>  203 
discharge,  yearly Ann  20,  iv  v  54 
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South  Platte  River— Continued, 
near  Denver,  Colo.— Continued. 

gage  heights Bull  140,  p  105; 

WS  11,  p  53;  15,  p  88;  "27, 
p  84;  37,  p  226;  49,  p  282;  66, 
p  30;  84,  p  88;  99,  pp  201-202 

hydrographs Ann  13,  iii,  p  85;  18, 

iv,  p  166;  19,  iv,  p  314;  20,  iv, 
p280;  21,  iv,  p202;  22,  iv,  p319 

rainfall  and  run-off  relation Ann  20, 

iv,  p  266;  WS  75,  p  137 

rating  tables Ann  18,  iv,  pp 

164-165;  19,  iv,  p  313;  Bull  140,  p 
105;  WS  27,  p  89;  39,  p  448;  52, 
p  517;  66,  p  171;  84,  p  88;  99,  p  202 
near  Julesburg,  Colo. : 

description WS  49,  p  283; 

84,  pp  73-74;  99,  p  179 

discharge Ann  20,  iv,  p  302; 

Bull  140,  p  114;  WS  49, 

p283;  84,p74;  99,  p  180 

discharge,  monthly.  WS  84,  p  75;  99,pl81 

gage  heights WS  84,  p  74;  99,  p  180 

rating  tables WS  84,  p  75;  99,  p  181 

near  Kersey,  Colo.: 

description WS  66,  p  37; 

84,  pp  77;  99,  pp  183-184 

discharge WS  66,  p  38; 

84,  p  77;  99,  pp  184,  207 

discharge,  monthly  . .  WS  75,  pp  130,  136; 

84,  p  79;  99,  p  186 

gage  heights WS  66,  p  38; 

84,p78;  99,  pp  184-185 

hydrograph WS  75,  p  132 

rating  tables WS  66,  p  171 

84,  p  78;  99,  p  185 
near  North  Platte,  Nebr. : 

description Ann  19,  iv,  p  311 

discharge Ann  18,  iv,  p  193; 

19,  iv,  pp  311,  335;  20,  iv,  p  302; 
Bull  140,  p  114;  WS  39,  p  440;  49, 
p  284;  50,  p  311;  66,  p  43;  84,  p  93 

discharge,  monthly Ann  19,  iv,  p  323 

discharge,  yearly Ann  20,  iv,  p  55 

near  Orchard,  Colo.: 

description Ann  18,  iv,  p  166; 

Bull  140,  pp  112-113;  WS  15,  p  89; 
27,  pp  77-78;    37,  p  226;  49,  p  282 

discharge Ann  18,  iv,  p  167; 

Bull  140,  p  113;  WS  15,  p  89; 
27,  p  86;  37,  p  226;  49,  p  283 

discharge,  monthly Ann  19,  iv, 

pp315-316;  20,  iv,  pp264,  293;  21,;iv, 
p   203;  22,  iv,  p   320;  WS  75,  p  136 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights WS  11,  p  53;  15,  p  89; 

27,  p  84;  37,  p  227;  49,  p  283 

hydrographs Ann  19,  iv,  p  316; 

20,  iv,  p  294;  21,  iv,  p  203;  22,  iv,  p  320 

rainfall  and  run-off  relation Ann  20, 

iv,  p  266;  WS  75,  p  137 

rating  tables Ann  19,  iv,  p  315; 

WS  27,  p  89;  39,  p  448;  52,  p  517 
near  Platte  Canyon,  Colo.: 

description WS  37,  p  224;  49,  p  280 

discharge WS  37,  p  224; 

49,  p  280;  99,  p  207 

discharge,  monthly Ann  21,  iv,  p  201; 

22,  iv,  p  318 


South  Platte  River— Continued. 

near  Platte  Canyon,  Colo. — Continued. 

gage  heights WS  37,  p  225; 

19.  p  281;  99,  p  207 

hydrographs Ann  21,  iv,  p  201 ; 

22,  iv,  p  318 

rating  tables WS  39,  p  448;  52,  p  517 

near  South  Platte,  Colo.: 

description WS  84,  pp  89-90; 

99,  pp  203-204 

discharge WS  84,  p  90;  99,  pp  204, 207 

discharge,  monthly . .  WS  84,  p  92;  99,  p  206 
gage  heights. .  WS  84,  p  91;  99,  pp  204-205 
rating  tables. .  WS  84,  p  91;  99,  pp  205-206 
near  Sterling,  Colo.: 

discharge WS  99,  p  207 

near  Sutherland,  Nebr.: 

discharge WS  39,  p  440 

seepage  computations WS  50,  pp  300-303 

tributaries WS  37,  p  322 

South  Platte  River  basin: 

description Ann  18,  iv,  p  159; 

19,  iv,  p  311;  20,  iv,  pp  277-279; 
21,  iv,  p  200;  Bull  140,  pp  102-103 

drainage  areas Bull  140,  p  103 

irrigation  surveys Ann  13,  iii,  pp  82-91 

water-storage  possibilities Ann  22, 

iv,  pp  314-317 
rainfall  and  river  stations: 

map WS  75,  p  131 

rainfall  data WS  75,  pp  131-135,  137 

See  also  WS  74. 
South  Platte  River,  Middle  Fork 

discharge Ann  13,  iii,  p  84 

near  Fairplay,  Colo.: 

discharge. . .  Ann  13,  iii,  p  84;  WS  84,  p  94 
South  Platte  River,  North  Fork  of, 
near  Bailey,  Colo.: 

discharge WS  84,  p  94 

near  Rhodes  Station,  Colo.: 

discharge WS  99,  p  207 

South  Platte  River,  South  Fork 
near  Buffalo  Springs,  Colo.: 

discharge WS  84,  p  94 

near  Lake  Cheesman,  Colo.: 

description WS  37,  p  223; 

49,  p  280;  66,  p  29 

discharge WS  37,  p  223;  66,  p  29 

discharge,  monthly Ann  21,  iv,  p  210; 

22,  iv,  p  327 

gage  heights WS  37,  p  224 

rating  table WS  39,  p  447 

near  South  Platte,  Colo. : 

discharge WS  99,  p  207 

South  River,  Ga. 
near  Lithonia: 

description WS  98,  p  93 

discharge WS  98,  p  93 

gage  heights WS  98,  p  94 

South  River,  Va. 

in  James  River  basin: 

discharge Ann  19,  iv,  pp  171, 173 

South  [Shenandoah]  River 
near  Port  Republic: 

description Ann  18,  iv,  p  25;  Bull  140, 

p50;  WS15,pl7;  27, 
p  10;  35,  p  87;  48,  p  118 
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South  [Shenandoah]  River— Continued, 
near  Port  Republic— Continued. 

discharge Ann  18,  iv,  p  26;  19,  iv, 

p  138;  Bull  140,  p  51; 

WS15,pl7;  35,p87 

discharge, monthly...  Ann  20,  iv,  pp  121, 

125-126 

discharge,  yearly Ann  20,  iv,  p  49 

gage  heights Bull  140,  p  52; 

WS  11,  p  9;  15,  p  18;  27,  p  20;  35,  p88 

hydrograph Ann  20,  iv,  p  126 

rainfall  and  run-off  relation. .  Ann  20,  iv, 

p  1-1 

rating  table "WS  27,  p  25 

See  also  Shenandoah  River,  South  Branch. 
South  Riverside  ditch  in— 
Humboldt  River  basin: 

discharge WS  85,  p  124 

South  Sheridan  Creek  in— 
Carson  River  basin: 

discharge WS  85,  p  126;  100,  p  227 

South  Toe  River,  N.  ( '.: 

discharge WS  49.  p  213 

South  Tuscan >ra  Creek  in— 
Potomac  River  basin: 

discharge Ann  19,  iv,  |>  \w.\ 

Southwest  ditch  in— 

Humboldt  Ri\  er  basin: 

discharge WS  85,  p  1 2 1 

Sova,  Mich. 

Black  Lake  outlet  near: 

discharge,  low-water WS83,  p297 

Sowbelly  Creek,  Nebr. 

discharge Ann  211.  iv,  p303; 

WSSt,  p  lid;   50,  p  311 
Spanish  Creek  in— 

Gallatin  Canyon,  Mont.: 

discharge Ann  L9,  i\ .  p  290 

Spanish  Creek,  Mont. 

West  Gallatin  River  near: 

description Bull  131,  pp  14   L5 

gage  heights Bull  131,  p  L6 

rating  table ." Bull  131,  p  15 

Spanish  Fork  canals 

data  regarding WS52,  pp503  504 

duty  of  water ws  52,  p  504 

Spanish  Fork,  Mont. 
Gallatin  River  beloM 

hydrograph Ann  13,  iii,  p  43 

Spanish  Fork,  Utah 
at  mouth  of  canyon: 

hydrograph Ann  12,  ii,  p338 

in  canyon: 

discharge,  monthly Ann  11,  ii,  p  104; 

12,  ii.  pp354,  361 
near  Mapleton,  Utah: 

description WS  51 .  p  11.");  06,  p  122-123 

discharge WS51,p41o;  66,  p  123 

near  Spanish  Fork,  Utah: 

description WS  100,  p  145 

discharge WS  100,  p  1 15 

discharge,  monthly Ann  13,  iii,  p  «»7; 

WS100,  pl47 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  i>  til 

gage  heights WS  100,  p  146 

rating  table WS  100,  pp  146-147 


Spanish  Fork,  Utah — Continued, 
near  Lake  Shore,  Utah: 

discharge WS  100,  p  224 

Utah  Lake  near: 

discharge,  monthly WS  75,  p  194 

gage  heights Ann  18,  iv,  p  329; 

WS51,p416;  66,  p  123 

rating  table WS  66,  p  176 

Spearfish  Creek  near— 
Spearfish,  S.  Dak.: 

description WS  99,  p  62 

discharge WS  99,  p  62 

discharge,  monthly WS  99,  p  64 

gage  heights WS  99,  p  63 

rating  table WS  99,  p  63 

Speers  Ferry,  Ya. 

Clinch  River  near: 

discharge WS  27,  p  66 

Spirit  Lake,  Idaho: 

elevation  of  water  surface WS  38,  p  370 

Splitrock,  Wyo. 

Sweetwater  River  near: 

description WS  99,  p  172 

discharge WS  99,  p  172 

discharge,  monthly WS  99,  p  174 

gage  heights WS  99,  p  173 

rating  table WS  99,  p  173 

Spokane,  Wash. 

Hangman  Creek  near: 

description WS  100,  pp  397-398 

discharge WS  100,  p  398 

Little  Spokane  River  near: 

description WS  100,  pp  398-399 

discharge ws  100,  p  399 

gage  heights WS  100,  p  399 

Set  also  Spokane  River  near: 
Spokane  River,  Wash.: 

description  Ann  19,  iv,  p  487; 

21,  iv,  p424 
near  dam  of  Washington  Power  Company: 

gage  heights WS11,  pp  85-87 

mar  Lake  Co3ur d'Aleno: 

description WS38,  p  369 

near  Spokane,  Wash.: 

description Ann  18,  iv,  pp  359-360; 

20,  iv,  p  510;  WS  16,  p  177;  28,  p 
159;  38,  pp  370-371;  51,  pp  438-439; 
66,  p  133;  85,  pp  196-197;  100,  p  396 

discharge Ann  18,  iv,  p  360; 

19,  iv,  p  460;  WS  16,  p  177; 
28,  pl69;  38,  p371;  51,  p  49 

discharge,  monthly Ann  19,  iv,  p  488; 

20,  iv,  p  511;  21,  iv,  p424;  22,  iv, 
p  443;  WS  75,  p  200;  85,  p  198 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  11,  p  88; 

16,  p  177;  28,  p  166;  38,  p  371;  51,  p 
439;  66,  p  133;  85,  p  197;  100,  p  397 

hydrographs Ann  19,  iv,  p  489; 

20,  iv,  p  511;  21,  iv,  p  425 
22,  iv,  p  443;  WS  75,  p  200 

rating  tables Ann  19,  iv,  p  488; 

WS  28,  p  170;  39,  p  454;  52, 
p  522;  66,  p  177;  85,  p  198 

profile  of Ann  20,  iv,  p  510 

Spokane  River  basin: 

description Ann  22,  iv,  p  442 
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Spragues  Falls,  near  Baring,  Me. 

St.  Croix  River  at: 

description WS  82,  p  14;  97,  p  20 

discharge WS  97,  p  20 

discharge,  daily WS  97,  p  22 

discharge,  monthly WS  97,  p  23 

gage  heights WS  97,  p  21 

ratingtable WS  97,  p  21 

Spriggs  Creek  in— 

Etowah  River  basin,  Ga.: 

discharge WS  49,  p  208 

Springboro,  Ind. 

Tippecanoe  River  near: 

description WS  98,  pp  222-223 

discharge WS  98,  p  223 

discharge,  monthly WS  98,  p  224 

gage  heights WS  98,  p  223 

rating  table WS  98,  p  224 

Spring  Branch  ditch  in — 

Spearfish  Valley: 

discharge "WS  99,  p  136 

Spring  Creek,  Colo.,  near— 

Almont: 

discharge WS  100,  p  95 

Cathedral : 

discharge WS  100,  p  95 

Gunnison: 

discharge WS  85,  p  77 

Montrose: 

discharge WS  100,  p  93 

Spring  Creek,  Idaho,  in- 
Interior  drainage  basin: 

discharge WS  100,  p  224 

Spring  Creek,  Nebr. : 

discharge Ann  20,  iv,  p  303; 

WS  39,  p  440;  84,  p  93 
Spring  Creek,  New,  in— 

Carson  River  basin: 

discharge WS  85,  p  126 

Spring  Creek,  N.  C,  near- 
Hot  Springs: 

discharge WS  49,  p  212 

Spring  Creek,  S.  Dak. 

discharge WS  49,  p  272 

near  Blair's  ranch: 

description WS  99,  p  53 

discharge WS  99,  p  53 

gage  heights WS  99,  pp  53-54 

near  F.  E.  and  M.  V.  Railway  Bridge: 

discharge WS  49,  p  272 

near  Hill  City: 

discharge WS  99,  p  136 

near  Rockerville: 

discharge WS  49,  p  272 

near  Waugh  Ranch: 

discharge WS  99,  p  136 

near  Sink  Hole: 

discharge WS  99,  p  136 

Spring  Creek,  Tenn. 

in  Hiwassee  River  basin: 

discharge WS  49,  p  218 

near  Springtown: 

discharge WS  49,  p  218 

Spring  Creek,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  214 


Springdale,  Mont. 

Yellowstone  River  near: 

discharge Ann  11,  ii,  pp  38,  107; 

13,  hi,  p  6 
Springfield,  111. 

Sangamon  River  near: 

description WS  98,  p  199 

discharge WS  98,  p  199 

gage  heights WS  98,  p  199 

Springfield,  W.  Va. 

South  Branch  Potomac  River  near: 

description Ann  18,  iv,  pp  19-20; 

Bull  131,  p  88;  140,  pp  43-44; 
WS  35,  p  85;  48,  p  116;  65,  p 
229;  82,  p  170;  97,  pp  320-321 

discharge Ann  18,  iv,  p  20; 

19,  iv,  p  134;  Bull  140,  p  44;  WS  35, 
p  85;  48,  p  116;  65,  p  229;  97,  p  321 

discharge,  monthly Ann  18,  iv,  p  21; 

20,  iv,  p  120;  Bull  140, 
p  45;  WS  75,  pp  34-35 

gage  heights Bull  131,  p  88; 

140,  p  45;  WS  35,  p  85;  48, 
p  117;  65,  p  230;  97,  p  321 

rating  tables Ann  18,  iv,  p  21; 

Bull  140,  p  44;  WS  65,  p  318 
Spring  Lake,  111. 

Illinois  River  near: 

discharge Ann  21,  iv,  p  176 

Spring  Lake  Creek,  Utah: 

discharge WS  52,  p  509 

Spring  Mount,  Pa. 

Perkiomen  Creek  near: 

discharge,  daily WS  97,  p  248 

Springs  Valley  watershed,  Cal. 

rainfall  data WS  75,  pp  228-229 

Springs  in  Wichita  Mountains: 

discharge WS  99,  p  321 

Springtown,  Tenn. 
Spring  Creek  near: 

discharge WS  49,  p  218 

Sprouts  Run  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  170 

Sprucepine,  N.  C. 

Beaver  Creek  near: 

discharge' WS  49,  p  212 

Grassy  Creek  near: 

discharge WS  49,  pp  212, 213 

North  Toe  River  near: 

discharge WS  49,  p  212 

Squaw  Creek,  Cal.: 

discharge Ann  11,  ii,  pp  64, 108;  WS  51, 

p  405;  66,  p  167;  85,  p  156 
Squaw  Creek,  Colo.,  near— 
•  Cimarron,  Colo.: 

discharge WS  100,  p  93 

Squaw  Creek,  Mont.,  in— 
Bighorn  River  basin: 

discharge Ann  13,  iii,  p  70 

Squaw  Creek,  Nebr. 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  303;  WS  39,  p  440 
Squaw  Creek,  S.  Dak.,  at — 
Otis: 

discharge WS  49,  p  272 


218 


INDEX  TO  HY OROGRAPHIC  PROGRESS  REPORTS    [no.  119. 


Squirrel  Creek  in— 

Nolichucky  River  basin,  N.  C: 

discharge WS  49,  p  212 

Squirrel  Inn,  Cal. 

rainfall  data Ann  20,  iv, 

pp  560,  561;  WS  52,  pp  495,  496 
Staleys  Creek  near- 
Marion,  Va.: 

discharge WS  49,  p  215 

Stamford,  Colo. 

rainfall  data Ann  20,  ii,  pp  326,  327,  330 

Stamford,  Conn. 

Mianus  River  near: 

discharge WS  97,  p  115 

discharge,  daily WS  97,  p  115 

Stanardsville,  Va. 

rainfall  data WS  75,  pp  45,  4.x,  50 

Standingboy  Crick  near- 
Columbus,  Ga.: 

discharge WS  83,  p  128 

Standish,  Cal. 

Willow  Creek  near: 

description WS  51,  p  107;  66,  p  115 

discharge WS51,  p  107 

gage  heights WS51,  p407;  tit',.  p  11"> 

Stanislaus  River,  Cal.: 

description Bull  1 10,  pp  304-305 

discharge,  low-water..  WS  28,  p  193;  39,  p432 

discharge,  miscellaneous ws  85,  p  159 

near  Abbotts  Ferry,  Cal.: 

discharge ws  85,  p  159 

near  Colliers,  Cal.: 

discharge ws  85,  |»  L69 

near  Eureka  Valley,  Cal.: 

discharge Ann  18,  iv,  pp  375,  117 

near  Knights  Ferry,  Cal.: 

description ws  100,  p  283 

discharge WS  100,  p  283 

discharge,  low-water..  WS51,  pp  180,  181 

discharge,  monthly ws  L00,  p  285 

gage  heights ws  100,  p  284 

rating  table ws  100,  p284 

near  Oakdale,  Cal.: 

description Ann  IS,  iv,  pp  371-373; 

19,    iv,   p   510;    Bull    lit), 

pp  305-306;  ws  16,  p  187; 

28,  pp  177  17s;  38,  p391; 

51,  pp  155-456;  66,  p  1 16 
discharge Ann  is.  iv,  p  373; 

Bull  110,  p  307:  WS  16,  p 
187;  28,  p  is.".;  38,  pp 391,  392; 
51,  p456;  66,  p  146;  85,  p  159 

discharge,  daily ws  38,  p  392 

discharge,  low-water...  Ann  20,  iv,  p526; 
22,  iv,  p  196;  WS  28,  p 
193;  39,  p  132;  51,  p  180 

discharge,  monthly Ann  18,  iv,  p  374; 

1'.',  iv.  p  .",11:  20,  iv,  p 
530;  21,iv,p448;  22iv, 
p  404;   Bull   110  p  307 

discharge,  yearly Ann  20,  iv,  p  63; 

Bull  140,  pi  ,311,  312 

diurnal  variations Bull  140,  p  306 

gage  heights Bull  140,  p  307; 

WS  11,  p  90;  10,  p  187;  28,  p  182; 
38,  p   392;    51,   p  456;    66,   p   146 


Stanislaus  River,  Cal.— Continued, 
near  Oakdale,  Cal.— Continued. 

hydrographs Ann  18,  iv,  p  376; 

19,  iv,  p  512;  20,  iv,  p  531; 
21,  iv,  p  448;  22,  iv,  p  464 

rating  tables Ann  18,  iv,  p  374; 

19,  iv,  p  511;    Bull  140,  p  307; 
WS  28,  p  186;  39,  p  455;  52,  p  523 
near  Parrotts  Ferry,  Cal.: 

discharge WS  85,  p  159 

near  Stanislaus  and  San  Joaquin  Canal, 
Cal.: 

discharge  low-water WS  51,  p  480 

Stanislaus  and  San  Joaquin  Valley  canal, 
near- 
Knights  Ferry,  Cal.: 

discharge Ann  18,  iv,  pp  372,  417, 418; 

19,  iv,  p  510,  536;  WS  28,  p  185 
Stanislaus  River  basin,  Cal.: 

description Ann  21 ,  iv,  p  447 

Stanislaus  River,  Middle  Fork  of: 

discharge WS  85,  p  159 

Stanislaus  River.  North  Fork  of: 

discharge WS  85,  p  159 

Stanislaus  River,  South  Fork,  near- 
Strawberry,  Cal.: 

discharge Ann  18,  iv,  pp  372,  375 

near  Sugar  Pine,  Cal.: 

discharge Ann  18,  iv,  p  375,  417; 

WS  85,  p  159 
Stanislaus  Water  Co.'s  canal  at— 
Knights  Ferry,  Cal.: 

discharge ws  loo,  p305 

Stanley,  N.  J. 

Passaic  River  near: 

discharge ws  82,  p  127 

Stanton.  X.  .1. 

South  Branch  of  Raritan  River  near: 

description WS  97,  pp  244-245 

discharge ws  97,  p  245 

gage  heights ws  97,  p245 

Starch  Factory  Creek  near — 
N.w  Hartford,  N.  V.: 

description WS  97,  p  206 

discharge ws  97,  p  206 

discharge,  daily ws  97,  p  207 

discharge,  monthly ws  97,  p  207 

Star  creek  near— 
Morganton,  Ga.: 

discharge ws  49,  p218 

Slate  Line,  Xehr. 

South  Fork  Republican  River  near: 

discharge WS  84,  p  113 

Staunton  River: 

near  Clarksville,  Va.: 

description Ann  18,  iv,  p  43; 

Bull  1 10,  pp  66-67;  WS  15,  p  26;  27,  p  25 

discharge Ann  18,  iv,  p  45; 

Bull  140,  p  68;  WS  15,  p  26;  27,  p  44 

discharge,  monthly Ann  18,  iv,  p  47; 

19,  iv,  pl80;  20,  iv,  p  139 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights Bull  140,  p  68; 

WS  11,  pl3;  15,  p27;  27,  p  33 
hydrograph Ann  19,  iv,  p  181 
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Staunton  River— Continued. 

near  Clarksville,  Va. — Continued. 

rainfall  and  run-off  relation Ann  20, 

iv, p  139 

rating  tables Ann  18,  iv,  p  46; 

19,  iv, p  180 
near  Randolph,  Va. : 

description WS  48,  p  133; 

6^,  p  239;  83,  pp  21-22;  98,  p  21 

discharge WS  48,  p  133; 

65,  p  239;  83,  p  22;  98,  p  22 

discharge,  monthly WS  75,  p  52; 

83,  p  23;  98,  p  24 

gage  heights WS  48,  p  134; 

65,  p  240;  83,  p  22;  98,  p  22 

rating  tables WS  65,  p  319; 

83,  p  23;  98,  p  23 

rainfall  data Ann  20,  iv,  pp  117,  119, 121; 

WS  75,  pp  45,  48,  50 
Steamboat  Creek,  Nev.: 
at  Steamboat  Springs: 

description WS  51,  p  406;  66,  p  114 

discharge WS  51,  p  406;  66,  p  114 

discharge,  monthly Ann  22,  iv,  p  406; 

WS  75,  p  185 

gage  heights WS  51,  p  406;  66,  p  115 

hydrograph Ann  22,  iv,  p  406 

rating  tables WS  52,  p  521;  66,  p  175 

in  Truckee  Meadows,  Nev.: 

discharge WS  100,  p  231 

Steamboat  Springs,  Colo. 
Fish  Creek  near: 

discharge WS  100,  p  103 

Yam  pa  River  near: 

discharge WS  28,  p  143; 

85,  p  77;  100,  p  103 

rainfall  data Ann  20,  iv,  pp  375, 379 

Steamboat  Springs,  Nev. 
Steamboat  Creek  near: 

description WS  51,  p  406;  66,  p  114 

discharge WS  51,  p  406;  66,  p  114 

discharge,  monthly Ann  22,  iv,  p  406; 

WS  75,  p  185 

gage  heights WS  51,  p  406;  66,  p  115 

hydrograph    Ann  22,  iv,  p  406 

rating  tables WS  52,  p  521;  66,  p  175 

Steel,  Ohio 

McMahon  River  near: 

description WS  98,  p  236 

discharge WS  98,  p  236 

gage  heights WS  98,  p  236 

Steel  Creek  in— 

Catawba  River  basin,  N.  C: 

discharge WS  49,  p  205 

eelton,  Pa. 
Pennsylvania  canal  at: 

discharge WS  48,  p  114 

Stekoa  Creek  near- 
Clayton,  Ga.: 

discharge WS  49,  p  206 

Sterling,  Colo. 

South  Platte  River  near: 

discharge "WS  99,  p  207 

Stevens  canal  near- 
Citrus,  Cal.: 

description WS  100,  p  221 

discharge WS  100,  p  222 

gage  heights WS  100,  p  222 


|  Stevenson,  N.  Dak. 

Cannon  Ball  River  near: 

description WS  99,  p  64 

discharge WS  99,  p  65 

gage  heights WS  99,  p  65 

Stewarts  Creek  near- 
Mount  Airy,  N.  C: 

discharge WS  98,  p  38 

Stilaguamish  River  near- 
Robe,  Wash.: 

description WS  85,  p  223;  100,  p  474 

gage  heights WS  85,  p  224;  100,  p  475 

Stillwater  River,  East  and  West  branches: 
near  Orono  Island,  Me.: 

discharge Ann  19,  iv,  pp  56-57 

Stillwater  slough  ditches  in— 
Carson  Sink,  Nev.: 

discharge WS  100,  p  260 

Stingleys  Station,  Cal. 
Eel  River  near: 

discharge WS  100,  p  305 

Stink  Creek  near— 
Caldwell,  Ga.: 

discharge WS  49,  p  217 

Stinking  Water  River  near— 
Corbett,  Wyo.:      . 

discharge Ann  13,  iii,  p  70 

Marquette,  Wyo. : 

discharge Bull  131,  p  91 

Palisade,  Ncbr.: 

discharge Ann  18,  iv,  p  206; 

20,  iv,  p  303;  WS  27,  p  88;  39,  p  440 
Stittville,  N.  Y. 

Ninemile  Creek  near: 

description WS  35,  pp  46-47 

discharge,  monthly WS  35,  p  24 

Stockade  Beaver  Creek,  Wyo. 

discharge WS  49,  p  272 

Stockade  Creek,  Wyo.,  in— 
Cheyenne  River  basin: 

discharge WS  49,  p  272 

Stonebreakers  Mills,  Md. 
Antietam  Creek  near: 

discharge WS  27,  p  24 

Stone  Bridge  Run  in— 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  157 

Stone  City,  Iowa. 

Wapsipinicon  River  near: 

description WS  99,  p  19 

discharge WS  99,  p  20 

discharge,  monthly WS  99,  p  21 

gage  heights WS  99,  p  20 

rating  table WS  99,  p  20 

Stone  Mountain  Creek  near— 
S-'tone  Mountain,  Ga.: 

discharge WS  49,  p  207 

Stone  Mountain,  Ga. 
Yellow  River  near: 

discharge WS  49,  p  207 

Stonewall  Creek  in — 
James  River  basin: 

discharge Ann  19,  iv,  p  170 

Stony  Creek,  Cal.: 

discharge WS  100,  p  308 

discharge,  low-water Ann  22,  iv,  p  495 

forests  near,  preservation  of .  ...  Ann  22,  iv, 

pp  490-492 
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Stony  Creek,  Cal. — Continued. 

reservoir  sites  on,  description Ann  22, 

iv,  pp  487-490 
near  Bridgeport,  Cal.: 

discharge,  low-water WS  51,  p  180 

near  Fruto,  Cal.: 

description "WS  66,  ]» 14:!; 

85,  p  135;  100,  p  274 

discharge WS  66,  p  143; 

85,  p  135;  100,  p  275 

discharge,  monthly WS  75,  p  211; 

85,  ]»  137;  100,  p  276 

gage  heights WS  66,  i>  144; 

85,  |.  136;  100,  p  275 

rating  tables WS66,  p  178; 

85,  p  136;  100,  p  276 
Stony  Creek,  Tenn.,  in— 
Watauga  River  basin: 

discharge ws  49,  p  216 

Stony  Creek,  N.  C,  in— 
Yadkin  River  basin: 

discharge ws  19,  p  203 

Stony  River  in— 

Potomac  River  basin: 

discharge Ann  19,  iv.  p  1 12 

Story,  Wyo. 

Cruez  ditch  near: 

description ws  99,  pp  79  80 

discharge WS99,  p80 

gage  heights ws  99,  p  s<> 

Prairie  Dor  ditch  near: 

description ws  99,  pp  80-81 

discharge ws  99,  p  81 

gage  heights ws  99,  p81 

stout  method  of  computations Ann  L9,  iv, 

pp  323-328,  331;  WS  35,  pp  L6  19 
Stovalls  Creek  in— 
.lames  River  basin: 

discharge Ann  19,  iv,  p  170 

SI  rater  ditch  in— 

Battle  Creek  basin,  S.  Dak.: 

dis  iharge WS99,  p  135 

Slratton,  Nebr. 

Republican  i;i\  er  near: 

discharge wsm,  |»  112 

Slrawberry,  Cal. 

South  Fork  Stanislaus  Rn  er  near: 
Strav  berry  Creek,  Wyo. 
in  canyon: 

discharge Bull  131,  p  91 

Strawberry  River  in— 

Strawberry  Valley, Utah  (Uinta  Indian 
Reservation  i: 

description WS  100,  p  112 

discharge Ann  21,  iv,  ]>  322;  22,  iv,  p 

384;  WS  50,  p  374;  100,  p  112 

discharge,  monthly WS100,  p  113 

gage  heights ws  Km.  p  L13 

ratingtable ws  100,  p  113 

Streams,  flow  of,  normal  or  ordinary Ann  19, 

pp  30-31 
Stream  gagings.  use  of,  in  computation  of 

water  power WS  47,  pp  10-15 

Si  abbs  Ferry,  Mont. 

Missouri  River  near: 

discharge Ann  13,  iii,  p  39 


Studebaker,  Cal. 

San  Gabriel  River  near: 

discharge ws  100,  p  3 19 

stump  Creek  above- 
Auburn,  Wyo.: 

discharge Bull  131,  p  91 

Sturdevant,  Ala. 

Tallapoosa  River  near: 

description "WS  48,  p  167; 

65,  p  272;  83,  p  137:  98,  pp  136-137 

discharge WS  48,  p  167; 

65,  p272;  83,  p  137:  its,  p  137 

discharge,  monthly...  WS  83.  pp  138, 139; 

98,  p  139 

gage  heights WS48,pl67;  05,  p  272; 

83,  pp  137-138;  98,  pp  137-138 

rating  tables WS  83.  p  138;  98,  p  138 

Sturgis,  S.  Dak. 

Bear  Butte  Creek  above: 

discharge WS  99,  p  135 

Subirrigation: 

principles  of Ann  13,  iii,  p  33S-341 

in  San  Luis  Valley,  Colo.: 

description Ann'Ji,  iv,  pp 263-265 

in  western  Kansas Ann  21  iv,  p  222 

Suches  Creek  near— 
Gaddistown,  Ga.: 

discharge WS  49,  p  218 

Succor  Creek  near: 
Homedalc,  Idaho: 

description ws  100,  p  440 

discharge ws  Km.  p  i  in 

discharge,  monthly WS  100,  p  111 

gage  heights ws  ;oo.  p  no 

rating  table WS  100,  pill 

Sudbury  River,  Mass.: 

description.  Ann  20,  iv,  pp  74-75;  WS  47,  p  33 

discharge,  weekly Bull  1 10.  pp  36  >37 

discharge,  monthly WS  35,  p  37 

discharge,  yearly Ann  20,  iv,  p  46 

near  Framingham,  Mass.: 

description wskj,  p52;  97,  p  76 

discharge, monthly . .  WS82,  p63;  97,  p77 

rainfall  data WB82,  p  52;  97,  p  77 

Sudbury  River  basin,  Mass.: 

description Ann  21,  iv,  p  til; 

Bull  1  lo,  pp  35  -36;  ws  05,  p  26 

discharge WS  17,  p  :;i 

discharge,  monthly.  Ann20,iv,  p  75;  ws  35, 

p  37:  WS  65,  p  26;  82,  pp  50-51 
discharge,  monthly  and  yearly  ..  Ann  20,  iv, 

p75 

map Ann  21,  iv,  p  61 

rainfall  data WS  65,  p  26 

Sugar  Creek  near — 
Ramsey,  Ga.: 

discharge WS 

sugar  Creek  in— 

Wabash  River  basin: 

description Ann  is,  iv,  p  451 

Sugar  Loaf,  Colo. 

rainfall  data WS  75,  pp  132,  135,  137 

Sugar  Pine,  Cal. 

South  Fork  Stanislaus  River  near: 

discharge Ann  18,  iv,  pp  375,  117; 

WS  85,  p  159 
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Sulphur  Fork  of  Lampasas  River,  Tex. 

descript  ion ws  66,  p  60 

discharge WS  66,  p  60;  84,  p  148 

near  Naples,  Tex.: 

discharge WS  M,  p  no 

.Sulphur  Hollow,  Tex. 
Colorado  River  near: 

discharge ws28,pl30 

Sumach  Creek  near — 
Long  Bridge,  Ga.: 

discharge WS  49,  p  209 

Summerdale,Cal. 
Big  Creek  near: 

discharge WS  100,  p  307 

Summit  Creek,  Utah: 

description WS  52,  p  509 

discharge WS52,p509 

Sundance  Creek  near — 
Sundance,  Wyo. : 

discharge Bull  131,  p  90 

Sunk  Haze  Rips,Costigan,Me. 
Penobscot  River  at: 

description WS  65,  p  14 

discharge,  daily WS  65,  pp  14-15 

Sunny  side,  Cal. 

Ward  Creek  near: 

discharge WS  51,  p  405 

Sun  River  near — 
Augusta,  Mont. : 

description WS  99,  pp  116-117 

discharge,  monthly Ann  11,  ii,  p  94; 

12,  ii,  pp  347,  360:  13,  iii,  p  93 

discharge,  yearly Ann  13,  iii,  p  98; 

20,  iv,  p  53 

hydrograph Ann  12,  ii,  p  234 

Great  Falls,  Mont, : 

description WS  15,  p  72 

discharge WS  15,  p  72 

gage  heights WS  15,  p  72 

Sun  River  basin: 

description Ann  11,  ii,  pp  43- 

irrigation  surveys  in. . .  Ann  11, ii,  pp  120-133; 
13,  iii,  pp  56-57,  371-386 
Superior,  Lake: 

outflow  measurements  of . .  "WS  36,  pp  177-178 
Superior,  Nebr. 
mill  race  near: 

discharge..  Ann  19,iv,p351;  WS99,p219 

gage  heights WS  99,  pp  219-220 

Republican  River  near: 

description Ann  18,  iv,  pp  198-202; 

19,  iv,  p  338;  WS  16,  pp  107-108; 
27,  pp  89-90;  37,  pp  245-246;  66,  p 
41;  84,  pp  102-103;  99,  pp  216-21 7 

discharge Ann  18,  iv,  p  200; 

WS  16,  p  108;  27,  p  95;  37,  pp  246,  247; 
66,  p  41;   84,  pp  103-104;   99,  p  217 

discharge,  daily Ann  18,  iv,  p  202 

discharge,  monthly Ann  19,  iv,  p  339; 

20,  iv,  pp  311,  317;  21,  iv,  p 
220;  22,  iv,  p  332;  WS  75, 
p  140;  84,  p  105;  99,  p  219 

discharge,  yearly Ann  20,  iv,  p  55 

gage  heights WS  16,  p  108; 

27,  p  91;  37,  pp  247-248;  50,  pp  312, 
313;  66,  p  42;  84,  p  104;   99,  p  21X 


Superior,  Nebr.— Continued. 

Republican  River  near— Continued. 

hydrographs Ann  19,  iv,  p  339; 

20,  iv,  p  317;  21,  iv,  p  220;  22,  iv,  p  3*2 

rainfall  and  run-off  relation Ann  20, 

iv,  p3/3 

rating  tables Ann  18,  iv,  p  201 

19,  iv,  p  338;  WS  39,  p  449; 
66,  p  171;  84,  p  105;  99,  p  218 
Supply  ditch  near — 
Montrose,  Colo.: 

discharge WS  100,  p  93 

Susanna,  Ala. 

Blue  Creek  near: 

discharge WS  49,  p  210 

Tallapoosa  River  near: 

description WS  48,  p  166; 

65,  pp  273-274 

discharge WS  48,  p  166;  65,  p  274 

discharge,  monthly Ann  22,  iv,  p  205; 

WS  75,  p  83 

gage  heights WS  48,  p  167;  65,  p  274 

hydrograph Ann  22,  iv,  p  205 

rating  tables WS  52,  p  514;  65,  p  322 

Susan  River  near — 
Susanville,  Cal.: 

description..  WS  51,  p408;  66,  pp  115-116; 
85,  p  123;  100,  pp  204-205 

discharge WS  51,  p  408; 

66,  p  116;  100,  p  205 

discharge,  monthly WS  75,  p  190 

gage  heights WS51,p408;  66,  p  116; 

85,  p  124;  100, p  205 

rating  table WS  566,  p  175 

Susanville,  Cal. 

Masten  ditch  near: 

gage  heights WS  51,  p  409;  66,  p  116 

Susan  River  near.    See  Susan  River. 
Suspension  Bridge,  Cal. 
Kings  River  near: 

description Bull  140,  p  286 

discharge Bull  140,  p  288 

gage  heights Bull  140,  p  286 

Surface  Creek  near — 
Cedaredge,  Colo.: 

discharge WS  66,  p  98 

rainfall  data Ann  20,  i  v, 

pp  397,  398,  399 
Sutherland,  Nebr. 

Birdwood  Creek  near: 

discharge Ann  18,  i v,  p  206 

Bratts  ditch  near: 

discharge Ann  18,  iv,  p  206 

South  Platte  River  near: 

discharge ws  39,  p  4 10 

Sutter  Creek,  Cal. 

discharge,  low-water WS  39,  p  432 

Susquehanna  River  near— 
Binghamton,  N.  Y.: 

description  . .  WS  82,  pp  146-147;  97,  p  291 

discharge WS  82,  p  150;  97,  p  292 

discharge,  flood WS  82,  pp  147-1 48 

discharge,  monthly WS  57,  p  296 

drainage  areas WS  82,  p  148 

gage  heights WS  82,  p  151-152; 

97,  pp  292-294 
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Susquehanna  River  near— Continued. 
Binghamton,  N.  Y.—  Continued. 

gage  height  variations.  WS  82,  pp  149-150 

rating  table WS  97,  p  295 

water  powers WS  82,  p  148 

Harrisburg,  Pa.: 

description Ann  19,  i  v,  pp  122-123; 

WS  15,  p  8;  27,  p  9;  35,  pp 
80-81;  48,  p  113;  65  p  227; 
82,  pp  162-163;  97,  pp  272-273 

discharge WS  15,  p  8; 

27,  p  23;  35,  p  81;  48,  p  113;  65,  p 
227;  75,  p  32;  82,  p  163;  97,  p  273 

discharge,  monthly Ann  19, 

iv,  pp  125-127;  20,  iv,  p  109; 
21,  iv,  p92;  22,  iv,  p  129;  WS 
75,  p  32;  82,  p  165;  97,  p  276 

discharge,  yearly Ann  20,  iv,  p  48 

gage  heights WS  15,  pp  8-11; 

27,  p  17;  35,  p  81;  48,  p  114; 
65,  p  228;  82,  p  163;  97,  p  274 

hydrographs Ann  19,  iv,  p  123; 

20,  iv,  p  110;  21,  iv,  p  92; 
22,  iv,  p  129;  WS  75,  p  32 

rainfall  data WS  97,  p  276 

rating  tables Ann  19,  iv,  p  124; 

WS  27,  p  24;  39,  p  442;  52,  p  511; 
65,  p  318;    82,  p  164;    97,  p  275 
McCall  Ferry,  Pa.: 

description WS  97,  pp  266-268 

discharge WS  97,  pp  268-269 

discharge,  monthly WS  97,  p  272 

gage  heights WS  97,  p  270 

rating  table WS  97,  p  271 

Union: 

discharge WS  82,  p  117 

See  also  WS  109. 
Susquehanna  River,  North  Branch  of,  near- 
Danville,  Pa.: 

description WS  35,  p  77;   18,  p  111; 

65,  p220;  82,  p  1  •"»■">;  97,  pp  282  283 

discharge WS  35,  p  77; 

48,  p  111;  65,  p  220.  82,  l-  155;  97,  p  283 

discharge,  monthly Ann  21,  iv,  p  89; 

22,  iv,  pl26;  WS  76,  pp 
30-31;  82,  p  157;  97,  p  285 

gage  heights WS  35,  p  78;  48,  p  111 ; 

65,  p  221;  82,  p  156;  97,  p  283 

hydrographs Ann  21,  iv,  p  89; 

22,  iv,  p  126 

rating  tables ws  39,  p  442;  52,  p  511; 

65,  p318;  82,  pl57;  97.  p284 
Wilkesbarre,  Pa.: 

description WS  35,  pp  75-76; 

48,  p  110;   65,  p  220;   82, 
pp  152-153;  97,  pp  28.5-286 

discharge WS  35,  p  76;  48,  p  110; 

65,  p  220;  82,  p  153;  97,  p  287 

discharge,  monthly Ann  21,  iv,  p  88; 

22,  iv,  p  125;  WS  82,  p  155;  97,  p  289 

gage  heights WS  35,  p  77;  48,  p  110; 

65,  p  220;  82,  p  154;  97,  p  287 

hydrographs Ann  21,  iv,  p  88; 

22,  iv,  p  125 

rainfall  data WS  97,  p  289 

rating  tables WS  39,  p  442; 

52,  p  511;  82,  p  154;  97,  p  288 
See  also  WS  109. 


Susquehanna  River,  West  Branch  of,  near- 
Allen  wood,  Pa.: 

description WS  35,  pp  78-79; 

48,  p  111;  65,  p  225;  82,  p  159 

discharge WS  35,  p  79; 

18,  p  111;  65,  p  225;  82,  p  159 

discharge,  monthly Ann  21,  iv,  p  90; 

22,  iv,  p  127 

gage  heights WS  35,  p  79; 

48,  p  112;  65,  p  226;  82,  p  160 
hydrographs.  Ann  21,  iv,  p  90;  22,  iv,  p  127 

rating  tables WS  39,  p  442;  52,  p  511 

near  Williamsport,  Pa.: 

description WS  65,  p  221; 

82,  p  158;  97,  p  279 

discharge WS  65,  p  221; 

82,  p  158;  97,  p  280 

discharge,  monthly WS  97,  p  282 

gage  heights WS  65,  pp  222-225; 

82,  p  158;  97,  p  280 

rating  table WS  97,  p  281 

See  also  WS  109. 
Susquehanna  River  basin: 

description Ann  20,  iv,  p.  109;  21,  iv, 

pp  87-88;  WS75,  p  30; 
82,   p   143;    97,    p  266 

map Ann  21,  iv,  p  87 

See  also  WS  109. 
Swamp  River,  N.  Y. 
above  mouth: 

discharge WS  65,  p  86 

Svvanger  Creek,  in— 
Walker  River  basin: 

discharge WS  85,  p  125;  100,  p  230 

Swannanoa  River  near — 
Biltmore,  N.  C: 

discharge. .  Ann  18,  iv,  p  123;  WS  49,  p  211 
Swannanoa  River,  North  Pork  of,  near— 
Swannanoa,  N.  C: 

discharge ws  49,  p212 

Swan  River  near — 
Holt,  Mont,: 

description WS  51,  pp  436-437 

discharge WS  51,  p  437 

gage  heights WS  51,  p  437 

Swanton,  Ohio. 

rainfall  data WS  75,  p  111 

Swanton,  Vt. 

Missisquoi  River  near: 

description WS  97,  p  344 

discharge WS  97,  p  345 

gage  heights WS  97,  p  345 

Swartz  Creek  near— 
Parlin,  Colo.: 

discharge WS  100,  p  94 

Pitkin,  Colo.: 

discharge WS  100,  p  94 

Sweet  Creek  near — 

Bigtimber  road,  Mont.: 

discharge Ann  11,  ii,  p  107 

Sweetwater  Creek  near — 
Austell,  Ga.: 

description Ann  18,  iv,  p  93 

discharge    Ann  19,  iv,  p  240; 

WS36,  pl41;  83,  pp  127,  128 
Sweetwater  Creek  in— 
Walker  River  basin: 

discharge...  WS  85,  pp  125;  100,  p  230-231 
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Sweetwater  Creek  ditches— 
in  Nevada: 

discharge  WS  100,  p  240 

Sweetwater  dam,  Cal. 

description Ann  18,  iv,  pp  669-682 

evaporation  at WS  39,  pp  430-431 

plans  and  sections Ann  18,  iv,  pp  669, 

670,  675,  678,  682 

rainfall  data Ann  19,  iv,  pp  538, 

539;  20,  iv,   pp  560,  561;  WS 
39,  p  431;  39,  pp  437,  438;  52, 
pp  495,  496;   66,   pp  168,  169 
Sweetwater  River  near.    See  Sweetwater 
River. 
Sweetwater  reservoir,  Cal. 

description Ann  13,  iii,  pp  310-313; 

22,  iv,  pp  500-502 
evaporation,  temperature,  and  rainfall 

at Bull  140,  pp  325-327 

map Ann  22,  iv,  p  501 

rainfall  data WS  75,  p  231 

Sweetwater  River,  Cal. 

description Ann  21,  iv,  pp  485-486 

discharge,  flood Bull  140,  p  327 

near  Sweetwater  dam: 

description Ann  18,  iv,  pp  415-416; 

WS  39,  pp  429-430; 
51,  p  479;  66,  p  166 

discharge Ann  18,  iv,  p  416; 

WS  39,  p  430 

discharge,  yearly Ann  21,  iv,  p  486 

Sweetwater  River  basin,  Cal. 

description Bull  140,  pp  322-323,  325-327 

discharge,  yearly Bull  140,  pp  324,  326 

rainfall  data Bull  140,  pp  323-324 

Sweetwater  River,  Wyo.,  near- 
Devils  Gate: 

description WS  84,  p  72 

discharge WS  84,  p  72 

gage  heights WS  84,  p  72 

Splitrock,  Wyo.: 

description WS  99,  p  172 

discharge WS  99,  p  172 

discharge,  monthly WS  99,  p  174 

gage  heights WS  99,  p  173 

rating  table WS  99,  p  173 

Swift  Creek  near- 
Lyons,  Ga.: 

discharge WS  98,  p  103 

Swift  Creek  near— 

Afton  Bridge,  Wyo.: 

discharge Bull  131,  p  91 

Swiftcurrent  Creek  near — 
Main,  Mont.: 

discharge WS  66,  p  15 

St.  Mary,  Mont.: 

description .  WS  85,  p  229;  100,  pp  479-480 

discharge WS  85,  p  229;  100,  p  480 

discharge,  monthly WS  85,  p  231; 

100,  p  482 

gage  heights WS  85,  p  230;  100,  p  481 

rating  tables WS  85,  p  230;  100,  p  481 

Swink,  Colo. 

Timpas  Creek  near: 

discharge WS  99,  p  310 

Sylco  Creek,  Tenn.,  in— 
Okoee  River  basin: 

discharge WS  49,  p  218 


Sylvan  Glen  Creek  near — 
New  Hartford,  N.  Y.: 

description WS  97,  p  2 16 

discharge,  daily WS  97,  p  216 

discharge,  monthly WS  97,  p  2J16 

discharge  table WS  97,  p  2]  7 

Syracuse,  Kans. 

Arkansas  River  near: 

description WS  84,  p  123;  99,  p  269 

discharge WS  84,  p  123;  99,  p  269 

discharge,  monthly WS  84,  p  125; 

99,  p  271 

gage  heights WS  84,  p  124;  99,  p  270 

rating  tables..  WS84,pl24;  99,  pp 270-271 

T 

Taberg  station,  N.  Y. 
Fish  Creek  uear: 

discharge,  flood WS  65,  p  108 

Taboosa  Creek  near- 
Black  Rock,  Cal.: 

discharge WS  100,  p  225 

Tahoe,  Cal. 

Truckee  River  near: 

description Bull  140,  pp  210-211 ; 

WS  51,  p  402;   66,  p  111; 
85,  pp  115-116;  100,  p  183 

discharge Ann  11,  ii,  pp 

64,  108;  Bull  140,  p  211; 
WS51,  p402;  66,  p  111; 
85,   p    116;     100,    p    183 

discharge,  monthly Ann  22,  iv,  p403; 

Bull  140,  p  212;    WS  75, 
p  184;  85,  p  117;  100,  p  185 

gage  heights Bull  140,  p  211; 

WS  51,  p  403;    66,  p  112; 
85,  p    116;     100,    p    184 

hydrograph Ann  22,  iv,  p  403 

rating  tables WS  52,  p  520; 

66,  p  175;  85,  p  117;  100,  p  184 
Tahoe  Lake,  Cal.-Nev. 
streams  flowing  into: 

discharge WS  100,  p  232 

Tails  Creek  in— 

Coosawattee  River  basin: 

discharge WS  49,  p  209 

Talking  Rock  Creek  neav— 
Carters,  Ga.: 

discharge. . .  Ann  18,  iv,  p  97;  19,  iv,  p  252; 
WS27,  p  45;  36,  p  145; 
49,  p  209;    83,  p  164 
Talladega  Creek  near — 
Kymulga,  Ala.: 

discharge WS  49,  p  210 

Nottingham,  Ala.: 

description WS  48,  p  173; 

65,  p  281;  83,  p  142;  98,  p  142 

discharge WS  48,  p  173; 

65,  p  281;  83,  p  142;  98,  p  142 

discharge,  monthly "WS  75,  p  92; 

83,  p  143;  98,  p  144 

gage  heights WS  48,  p  173; 

65,  p  281;  83,  p  142;  98,  p  143 

rating  tables WS  65,  p  322; 

83,  p  143;  98,  p  143 
Tallapoosa,  Ga. 

Tallopoosa  River  near: 

discharge WS  49,  p  210;  83,  p  164 
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Tallapoosa  Creek  near- 
Cherokee  Bluff,  Ala.: 

discharge WS  49,  p  210 

Tallapoosa  River: 

description Ann  21,  iv,  p  151; 

22,  iv,  pp  201-203 

elevations  and  bench  marks Ann  22,  iv, 

pp  203-204 

map Ann  22,  iv,  p  201 

near  Milstead,  Ala.: 

description WS  15,  p  56;  36,  p  152; 

48,  p  168;   65,  p  274;   83, 
pp  134-135;  98,  pp  135-136 

discharge WS  15,  p  56;  27,  p  57; 

36,  p  153;  48,  p  168;  65,  p  274;  83,  p  135 

discharge,  monthly Ann  19,  iv,  p  250; 

20,  iv,  p  193;  21,  iv.  p  L51;  22,  iv, 
p  206;  WS  7."..  pp  85,  88;  83,  p  136 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  15,  p  56; 

27,  p  66;  36,  p  L53;   In.  p  168; 
65,  p  275;  83,  p  135;  98,  p  136 

hydrographs Ann  19,  iv,  p250; 

20,  iv.  p  194;  21,  iv,  p  152; 
22,  iv.  p206;  WS  75,  p  85 

rating  tallies Ann  l'.».  iv,  ]>  249; 

WS  27,  p  58;  39,  p445 
p  514;  65,  p  322;   83,  p  L36 
near  Muscadine,  Ala.: 

discharge ws  49,  p210 

near  Sturdevant,  Ala.: 

description ws  18,  p  L67; 

65,  p  272;  83,  p  137;  98,  pp  L36  L37 

discharge ws  18,  p  167; 

65,  p272;  83,  p  L37;  98,  p  L37 

discharge,  monthly ws  83, 

pp  138  139;  98,  p  139 

gage  heights ws  18,  p  1H7: 

65,  p  272;  83,  pp  L37-138;  98,  pp  137-138 

rating  tables ws  83,  p  138:  98,  p  L38 

near  Susanna,  Ala.: 

description.,  ws  18,  p  166;  65,  pp273  274 

discharge ws  is.  p  166;  65,  p  274; 

discharge,  monthly Ann  22,  iv, 

p  205;  ws  ;:..  p  83 

gage  heights WS  18,  p  1<>7;  65,  p  274 

hydrograph Ann  22,  iv.  p  205 

rating  tables WS  62,  p  51  I:  65,  p  322 

near  Tallapoosa,  <ia.: 

discharge WS  49,  p  210;  83,  p  164 

profiles Ann  22,  i  v,  p  202 

water  powers Ann  19,  iv,  p  249 

Tallapoosa  Ki\  er  basin: 

description Ann  20,  iv,  pp  192-193 

rainfall  data "WS  75,  pp  — 

rainfall  and  run-off  relation WS  75,  p  88 

river  and  rainfall  stations,  map..  WS  75.  p  84 
See  also  WS  107,  pp  17-61. 
Tallassee,  Ala. 

rainfall  data WS  75,  pp  86,  87 

Tallesschatchee  Creek  near — 
Childersburg,  Ala.: 

discharge WS  49,  p  210 

Tallulah  Falls,  Ga. 

Tallulah  River  near.     See  Tallulah  River. 
Tiger  Creek  near: 

discharge WS  49,  p  206 


Tallulah  River  near — 
Burton,  Ga. : 

discharge WS  49,  p  206 

Tallulah  Falls,  Ga.: 

description WS  48,  p  148;  65,  p  251 

discharge WS  48,  p  148; 

65,  p  251;  98,  p  71 

discharge,  monthly WS  75,  p  62 

gage  heights WS  48,  p  148;  65,  p  252 

rating  tables WS  52,  p  513;  65,  p  320 

Taos,  N.  Mex. 

Pueblo  Creek,  near: 

discharge Ann  11,  ii,  p  107 

Rio  de  Taos  near: 

discharge Ann  11,  p  107 

Taos  district  of  the  Rio  Grande: 

description Ann  12,  ii,  pp  251-256 

Taos  Valley,  N.  Mex.: 

irrigation  methods Ann  12,  ii,  p  255-256 

Tarboro  N.  C. 

Tar  River  near: 

description Ann  18,  iv,  p  50 

WS  15,  p  29;  27,  p  25; 
36,    p    110;    48,  p  134 

discharge Ann  18,  iv,  p50 

WS  15,  p  29;  27,  p  44; 
36,    p  110;   48,   p  134 

discharge,  monthly Ann  18,  iv,  p  52 

19,  iv,  pl84;  20,  iv,  p  143; 
21,  iv,  p  112;  22,  iv  p  153 

discharge  yearly Ann  20,  iv,  p  50 

gage  heights WS  15,  p  29;  27,  p  34; 

36,   p  110;   48,   p    135 

hydrographs Ann  19,  iv,  p  184; 

20,  iv,  p  L43;  21,  iv,  p  L13;  22  iv,  p  153 

rating  tables Ann  18,  iv,  p  51; 

19,  iv,  p  183;  WS39,  p  443;  52,  p512 
TarifTville,  Tenn. 

Hall  Play  Creek  near: 

discharge WS  49,  p  217 

Tar  River,  N.  C: 

description Ann  21,  iv,  p  112 

near  Rocky  Mount,  N.  <'.: 

water  powers Ann  19,  iv,  p  183 

near  Tarboro,  N.  C: 

description Ann  18,  iv,  p  50; 

WS  15,  p  29;  27,  p  25; 
36,   p  110;   48,   p    134 

discharge Ann  18,  iv,  p  50 

WS  15,  p  29;  27,  p  44 
36,  p  110;  48,  p  134 

discharge,  monthly Ann  18,  iv,  p  52 

19,  iv,  p  184;  20,  iv,  p  143; 
21,  iv,  p  112;  22,  iv,  p  153 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  15;  15,  p  29; 

27,p34;  36,  p  110;  48,  p  135 

hydrographs Ann  19,  iv,  p  184; 

20,  iv,  p  143;  21,  iv,  p  113;  22,  iv,  p  153 

rating  tables Ann  18,  iv,  p  51; 

19,  iv,  p  183;  WS  39,  p  443;  52,  p  512 
Tarryall  Creek  near— 
Como,  Colo. : 

discharge WS  84,  p  94 

Tarryall  reservoir  site,  Colo.: 

description Ann  18,  iv,  p  726 
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Tates  Creek  in— 

Chattahoochee  River  basin,  Ga.: 

discharge WS  49,  p  208 

Tatoosh  Island,  Wash. 

rainfall  data Ann  19,  iv,  p  508 

Tawas  City,  Mich. 

Tawas  River  near.    See  Tawas  River. 
Tawas  River,  Mich. 

description "WS  83,  p  295 

near  Tawas  City,  Mich.: 

discharge,  low  water WS  83,  p  296 

Taylor  Park,  Colo. 
Illinois  Creek  in: 

discharge WS  100,  p  94 

Taylor  River  in: 

discharge WS  100,  p  95 

Texas  Creek  in: 

discharge WS  100,  p  95 

Taylor  River  in — 

Colorado  River  drainage  basin: 

discharge WS  85,  p  77;  100,  p  95 

Taylors  Falls,  Minn. 

St.  Croix  River  near- 
description  WS  98,  pp  176-177 

discharge.  Ann  22,  iv,  p  219;  WS  98,  p  177 
Taylors  Ranch,  Cal. 

rainfall  data WS  39,  pp  437, 438; 

52,  pp  495,496;  66,  pp  168, 169 
Tehachapi,  Cal. 

rainfall  data Bull  140,  p  268 

Tehama  bridge,  Cal. 

Sacramento  River  near: 

gage  heights Bull  131,  pp  77-78; 

140,  pp  254-255 
Tejon  Creek: 

discharge Ann  18,  iv,  p  417 

See  also  Rancheria  Creek. 
Tejon  House,  Cal. 

rainfall  data Bull  140,  p  260 

Tejon  House  Creek: 

description Ann  18,  iv,  p  400; 

Bull  131,  p  79;  140,  pp  260,261 

discharge Ann  18,  iv,  p401; 

Bull  131,  pp  79,  90,  91;  140,  p  261 

discharge,  monthly  ..  Ann  18,  iv,  pp  401-402; 

Bull  140,  p  262 

rating  table Ann  18,  iv,  p  401 

Tejon  Ranch,  Cal. 

rainfall  data Ann  18,  iv,  pp  400,  418; 

19,  iv,  pp  538,  539;   20,  iv,  pp 
560,  561;  WS  39,  pp  437,  438; 
52,  pp  495,  496;  66,  pp  168,  169 
Tejunga  Creek. 

See  Little  Tujunga;  Tujunga. 
Tellico  River  near— 

Tellico  Plains,  Tenn.: 

discharge WS  49,  p  217 

Temescal  Creek  near— 
Rincon,  Cal.: 

description WS  39,  pp  425-426 

Temescal  and  San  Leandro  dams,  Cal.: 

description Ann  18,  iv,  pp  655-657 

Tempe,  Ariz. 

water  developments  at.  Ann  19,  iv,  pp 565-566 
Tempe  canal  near- 
Phoenix,  Ariz.: 

discharge Ann  21,  iv,  pp  381,  382 


Temperature  of  artesian  waters Ann  18, 

iv,  pp  606,  611 
Temperature,  evaporation,  and  rainfall  at— 

Sweetwater  reservoir Bull  140,  pp  325-327 

Teniah  Creek  in— 

Yosemite  Valley,  Cal.: 

discharge WS  100,  p  306 

Tenmile  Creek  near— 
Uneva  Lake,  Colo.: 

discharge WS  100,  p  94 

gage  heights WS  100,  p  95 

Tenmile  River: 

near  Dover  Plains,  N.  Y.: 

description WS  65,  pp  85-86; 

82,  p  120;  97,  p  103 
discharge WS  65,  p  86; 

82,  p  120;  97,  p  104 

discharge,  daily WS  97,  pp  110-112 

discharge,  monthly WS  97,  p  113 

gage  heights WS  65,  p  86; 

82,  pl21;  97,  pp  105-107 
rating  table WS  97,  pp  108, 109 

near  Webatuck,  N.  Y.: 

discharge WS  47,  p  36;  65,  p  86 

water  privileges WS  65,  p  87 

Tennessee  Fork  of  Arkansas  River  near — 
Leadville  Junction,  Colo.: 

gage  heights WS  99,  p  312 

Tennessee  River,  Ala.-Tenn.: 

description Ann  21,  iv,  p  167 

near  Chattanooga,  Tenn.: 

description Ann  18,  iv,  p  119; 

WS  15,  p  64;  27,  p  60;  36,  p  174;  48,  p 
195;  65,  p  311;  83,  p  203;  98,  pp  255-256 

discharge Ann  18,  iv,  p  119; 

WS  15,  p  64;  27,  p  65;  36,  p  174;  48, 
p  195;  65,  p  311;   83,  p  203;  98,  p  256 

discharge,  monthly Ann  18,  iv,  pp 

120-122;  19,  iv,  p  261;  20,  iv,  p 
210;  21,  iv,  p  168;  22,  iv,  p  228; 
WS  75,  p  109;  83,  p  205;  98,  p  257 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights WS  11,  pp  43-46; 

15,  p  64;  27,  p64;  36,  p  175;  48,  p 
195;  65,  p  312;  83,  p  203;  98,  p  256 

hydrographs Ann  19,  iv,  p  262; 

20,  iv,  p  211;  21,  iv,  p  168; 
22,  iv,  p  228;  WS  75,  p  109 

rating  tables Ann  18,  iv,  p  120; 

19,  iv,  p  260;  WS  39,  p  446;  27,  p  66; 
52,  p  515;  65,  p  324;  83,  p  204;  98,  p  257 
near  Florence,  Ala.: 

shoals  in Ann  22,  iv,  pp  229-230 

near  Knoxville,  Tenn.: 

description WS  36,  pp  172-173; 

48,  pp  193-194;  65,  p  303; 

83,  pp  220-221;  98,  p  276 
discharge WS  36,  p  173; 

48,  p  194;  65,  p  303;  83,  p  221;  98,  p  277 
discharge, -monthly. . .  WS  75,  pp  103-104; 

83,  p  222:  98,  p  279 
gage  heights WS  36,  p  173; 

48,  p  194;  65,  p  304;  83,  p  221;  98,  p  277 

rating  tables WS  65,  p  324; 

83,  p  222;  98,  p  278 
tributaries  of,  above— 
Hiwassee  River: 

discharge,  miscellaneous.  WS49,p217 
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Tennessee  River  basin: 

description WS  83,  p  202;  98,  pp  254-255 

See  also  WS  107,  pp  180-207. 
Tennessee  River,  Colo.,  Lake  Fork,  near— 
Leadville: 

hydrograph Ann  12,  ii,  p  240 

Tennessee  River,  Little- 
See  Little  Tennessee. 
Ten  Trees,  Wyo. 

Big  Sandy  River  near: 

discharge WS  100,  p  127 

Terrace,  Utah. 

rainfall  data Ann  20,  iv,  pp  454,  456,  458 

Terre  Haute,  Ind. 

Wabash  River  near: 

description WS  98,  p  220 

discharge Ann  21,  iv,  p  171 

gage  heights WS  83,  p  177;  98,  p  220 

Tessantee  Creek,  East,  in— 

Chattahoochee  River  basin,  Ga.: 

discharge WS  49,  p  208 

Tessantee  River  near- 
Pleasant  Retreat,  Ga.: 

discharge WS49,  p  208 

Tesuque  River  near- 
Santa  Fe,  N.  Mex.: 

discharge Ann  11,  ii,  p  107 

Teton,  Idaho. 

Fall  River  near: 

discharge Ann  11,  ii.  p  no 

Teton  River  near: 

discharge Ann  11,  ii,  p  110 

Teton  River: 

above  canals: 

hydrograph Ann  12,  ii,  p  :;n 

irrigation  surveys Ann  13,  iii,  pp  59-60 

near  Berry,  Idaho: 

discharge,  monthly Ann  13,  iii,  p  '.i? 

discharge,  yearly Ann  13,  iii.  p  '.t'.t 

near  Chase's  ranch,  Idaho: 

description Bull  131,  p  62 

discharge,  monthly  —  Ann  1],  ii,  p  L05; 
12,  ii,  pp356,  361 

gage  heights Bull  131,  p  63 

rating  table Bull  131,  p  63 

near  Choteau,  Mont.: 

discharge,  monthly Ann  11,  ii,  p  107 

near  St.  Anthony,  Idaho: 

description WS  100,  p  453 

discharge ws  100,  p  453 

discharge,  monthly WS  100,  p  455 

gage  heights .' WS  100,  p  454 

rating  table WS  100,  p  454 

near  Teton,  Idaho: 

discharge Ann  11,  ii,  p  110 

near  Wilford,  Idaho: 

description Ann  14,  ii,  p  127 

discharge,  monthly Ann  14,  ii, 

pp  127-128 

discharge,  yearly Ann  20,  iv,  p  61 

hydrograph Ann  14,  ii,  p  127 

Teviston,  Ariz.: 

rainfall  data Ann  12,  ii,  p  307 

Texas  Creek  in— 

Taylor  Park,  Colo.: 

discharge WS  100,  p  95 


Texas  Hill,  Ariz.: 

rainfall  data Ann  12,  ii,  p  300 

Texas: 

hydraulic  dam  construction  in Ann  18, 

iv,  pp  654-655 
irrigation  surveys  in..  Ann  13,  iii,  pp  410-422 
Texas  Rapids,  Wash. 
Snake  River  near: 

discharge Ann  19,  iv,  p  460 

Thedford,  Nebr. 

Middle  Loup  River  at: 

discharge Ann  20, 

iv,  p  300;  Bull  140,  p  117 
rainfall  data..  Ann  20,  iv,  pp  257,  260,  265 
Thermopolis,  Wyo. 

Bighorn  River  near: 

description WS  37,  p  211; 

49,  p  269;  66,  p  23;  84,  pp  23-24;  99,  p  89 

discharge WS  37,  p  211; 

49,  p  269;  84,  p  24;  99,  p  90 

discharge,  monthly Ann  22,  iv,  p  291; 

WS  75,  p  123;  99,  p  91 

gage  heights WS  49,  p  269; 

66,  p  23;  84,  p  24;  99,  p  90 

hydrograph Ann  22,  iv,  p  291 

rating  tables  . . WS  52,  p  516; 

66,  p  170;  99,  p  91 
Thomas  Creek,  Nev.,  in— 
Truckee  Meadows: 

discharge WS  100,  p  231 

Thomas  Creek,  Tenn.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  215 

Thompson,  A.  H.,  reports  by: 

on    location    and  survey  of   reservoir 

sites  during  1891..  Ann  12,  ii,  pp  1-212 
on   topographic  work  of  the  irrigation 

survey Ann  11,  ii,  pp  291-312 

Thompson  Creek,  Colo.  See  Big  Thompson  Creek; 

Little  Thompson  Creek. 
Thompson  Creek,  Nebr. 

discharge WS  39,  p  440 

Three  Fork  Creek  in— 

Nolichucky  River  basin,  N.  ('.: 

discharge WS  49,  p  213 

Threeforks,  Mont. 

Gallatin  River  near: 

discharge Ann  20,  iv,  p  211 

Jefferson  River  near: 

discharge Ann  11,  ii,  p  107; 

20,  iv,  p  244;  Bull  131,  p  90 
Madison  River  near: 

description...  Ann  18,  iv,  p  131;  Bull  131, 

pp  20-21;  140,  p  91;  WS  15,  p  70 

discharge..  Ann  11,  ii,  p  107;  13,  iii,  p  38; 

is,  iv,  p  132;  20,  iv,  p  244; 

Bull  131,  pp  21,   90,   92; 

140,   p  91;    WS   15,  p  70 

discharge,  monthly Ann  18,  iv,  p  133; 

20,  iv,  pp  234,  236;  Bull  140,  p  92 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights Bull  131,  p  21;  140,  p  92; 

WS  11,  p  49;  15,  p  70 

hydrograph Ann  18,  iv,  p  134 

rainfall  and  run-off  relation Ann  20, 

iv,  p  235 
rating  table Ann  18,  iv,  pp  132-133 
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Threeforks,  Mont.— Continued. 
Missouri  River  below: 

discharge Ann  20,  iv,  p  244 

Threemile  Creek  near- 
Elsie,  N.  C: 

discharge WS  49,  p  212 

Threerivers,  Cal. 

Kaweah  River  below: 

description WS  100,  p  297 

discharge WS  100,  p  297 

discharge,  monthly "WS  100,  p  299 

gage  heights "WS  100,  p  298 

rating  table "WS  100,  p  298 

North  Fork  Kaweah  River  near: 

discharge WS  100,  p  308 

Three  Top  Creek  near— 
Creston,  N.  C: 

discharge WS  49,  p  210 

Thornapple  River  near- 
Ada,  Mich.: 

discharge WS  49,  p  246 

Thornburg  Bridge,  Colo. 
Yampa  River  near: 

discharge WS  50,  p  375 

Thunder  Bay  River,  Mich.: 

description WS  49,  pp  252-253 

near  Alpena,  Mich.: 

description WS  83,  pp  289-290; 

97,  pp  436-437 

discharge WS  83,  p  290 

discharge,  daily WS  83,  pp  291-292; 

97,  p  437 

discharge,  low-water WS  83,  p  296 

discharge,  monthly WS  82,  p  293; 

97,  p  438 

rainfall  data WS  97,  p  438 

Thunder  Bay  River  basin,  Mich.: 

description Ann  22,  iv,  pp  260-262; 

WS  83,  p  289 

map Ann  22,  iv,  p  261 

water  powers Ann  22,  iv,  pp  261-262 

Thunder  Bay  River,  North  Branch,  Mich.: 

discharge,  low-water WS  83,  p  296 

Thunder  Bay  River,  South  Branch  of  below — 
King  Creek,  Mich.: 

discharge,  low-water WS  83,  p.  296 

Tickanetley,  Ga. 

Pumpkin  Creek  near: 

discharge WS  49,  p  209 

Tickanetley  River  in— 

Coosa wattee  River  basin: 

discharge WS  49,  p  209 

Tieton  River,  Wash.: 

description WS  66,  pp  134-135 

near  North  Yakima,  Wash.: 

description WS  85,  p  194;  100,  p  382 

discharge WS  85,  p  195;  100,  p  383 

discharge,  monthly WS  85,  p  196; 

100,  p  384 

gage  heights WS  85,  p  195 

rating  table WS  85,  p  196;  100,  p  384 

Tieton  River  basin: 

map Ann  22,  iv,  p  454 

Tiffin  River  near- 
Defiance,  Ohio: 

description WS  97,  p  423 

discharge WS  97,  p  423 


Tiffin  River  near— Continued. 
Defiance,  Ohio— Continued. 

discharge,  monthly WS  97,  p  425 

gage  heights WS  97,  p  424 

rating  table WS  97,  p  424 

Tiger  Creek  near- 
Clayton,  Ga. : 

discharge WS  49,  p  206 

Delta,  S.  C: 

discharge WS  98,  p  55 

Tallulah  Falls,  Ga.: 

discharge WS  49,  p  206 

Tiltill  Creek,  Cal. 

at  mouth,  in  Hetch  Hetchy  Valley: 

discharge WS  100,  p  306 

Timber  Cut  Creek  at— 
Welche's  ferry,  Ala.: 

discharge WS  49,  p  210 

Timpas  Creek  near— 
Swink,  Colo.: 

discharge WS  99,  p  310 

Timpson  Creek  near- 
Clayton,  Ga.: 

discharge WS  49,  p  206 

Tindleys  ditch  in— 
Spearush  Valley: 

discharge WS  99,  p  136 

Tinemaha  Creek  near — 
Fish  Springs,  Cal.: 

discharge WS  100,  p  225 

Tinker  Creek  near — 
Roanoke,  Va.: 

discharge WS  27,  p  66 

Vinton,  Va.: 

discharge Ann  19,  iv,  p  173 

Tippecanoe  River: 

description Ann  18,  iv,  pp  450-451 

near  Springboro,  Ind.: 

description WS  98,  pp  222-223 

discharge WS  98,  p  223 

discharge,  monthly WS  98,  p  224 

gage  heights WS  98,  p  223 

rating  table WS  98,  p  224 

Tittabawassee  River  near— 
Freeland,  Mich.: 

description WS  97,  pp  431-432 

discharge WS  97,  p  132 

gage  heights WS  97,  p  432 

Tobias  Creek  in— 

Kern  River  basin,  Cal.: 

discharge WS  100,  p  307 

Toccoa,  Ga. 

North  Broad  River  near: 

discharge WS  49,  p  207 

rainfall  data Ann  20,  iv,  pp  158, 159, 161 

Toccoa  Creek  near— 
Toccoa  Falls,  Ga.: 

discharge WS  83,  p  95 

Toccoa  (Okoee)  River: 

description Ann  20,  iv,  p  210;  21,  iv,  p  166 

near  Blueridge,  Ga.: 

description WS  27,  p  60;  36, 

pp  171-172;  48,  p  193;  65, 
P310;  83,  p  208;  98,  p  258 

discharge WS  27,  p  65;  36,  p  172; 

48,  p  193;  65,  p  310;  83,  p  208 
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Toccoa  (Okoee)  River— Continued, 
near  Blueridge,  Ga.— Continued. 

discharge,  monthly Ann  21,  iv, 

pl66;  22,  iv,  p  227;  WS  75, 
p  108;   83,   p  210;    98,  p  259 

gage  heights WS  27,  p  64;  36, 

p  172;  48,  p  193;  65,  p  311; 
83,  pp  208-209;   98,  p  258 

hydrographs Ann  21,  iv,  p  167; 

22,  iv,  p  227 

rating  tables WS  27,  p  66; 

39,  p  446;  52,  p  515;  65, 
p  324;  83,  p  209;  98,  p  259 
near  Dial,Ga.: 

discharge WS  49,  p  218 

near  Gaddistown,  Ga.: 

discharge WS49,p218 

near  Mineral  Bluff, Ga.: 

discharge  . .  Ann  18,  iv,  p  123;  WS  27,  p.66 
See  also  Okoee  River. 
Toccoa  (Okoee)  River  and  tributaries: 

discharge,  miscellaneous WS  49,  p  218 

Toe  River  near— 
Huntdale,N.C: 

discharge WS  49,  p  212 

See  also  North  Toe  River;  South  Toe  River. 
Tohickon  Creek,  Pa. 

description Ann  20,  iv,  p  98;  21,  iv,  p  83 

near  Point  Pleasant,  Pa.: 

description WS  35,  p  64; 

47,  p81;  65,  p  215;  82,  p  138;  97,  pp  251-252 

discharge WS  65,  p  216 

discharge,  daily WS  35,  p  64; 

47,  pp  81-89;  65,  p  215;  82,  p  139;  97,  p  252 

discharge,  monthly Ann  20,  iv, 

pp  98-102;   21,  iv,  p  83;  22,  iv, 
pp  113-116;  WS  76,  p  28;  82,  p  139 

discha rge,  yearly Ann  20,  iv,  p  48 

hydrographs Ann  20,  iv,  p  103; 

21,iv,pp84,85 
Tombigbee  River- 
near  Columbus,  Miss.: 

description WS  48,  pp  174-175; 

65,  p  285;  83,  p  161;  98,  pp  166-167 

discharge WS  65,  p  285; 

83,  p  162;  98,  p  167 

discharge,  monthly WS  75,  p  97; 

83,  p  163;  98,  p  169 

gage  heights WS  48,  p  1 75; 

65,  p  285;  83,  p  162;  98,  pp  167-168 

rating  tables WS  65,  p  323; 

83,  p  163;  98,  p  168 
near  Demopolis,  Ala.: 

description "WS  36,  p  157 

near  Epes,  Ala. : 

description  . .  WS  48,  pp  175-176;  65,  p  286 

discharge WS  65,  p  286 

discharge,  monthly WS  75,  p  98 

gage  heights WS  48,  p  176;  65,  p  286 

hydrograph WS  75,  p  98 

rating  table WS  65,  p  323 

See  also  WS  107,  pp  167-1 V0. 
Tomichie  Creek  near— 
Gunnison,  Colo.: 

discharge WS  100,  p  95 

Sargent,  Colo.: 

discharge WS  100,  p  95 


Tonawanda  Creek,  N.  Y.,  at — 
Indian  bridge: 

discharge WS  97,  p  417 

Tonawanda  feeder  near — 
Medina,  N.  Y.: 

description "WS  97,  pp  412-415 

Tongue  River,  Mont.: 

irrigation  surveys Ann  13,  iii,  pp  70-71 

Tongue  River,  Wyo.,  near- 
Dayton  : 

description WS  99,  p  82 

discharge WS  99,  p  82 

gage  heights WS  99,  p  83 

P.  K.  cabins: 

discharge WS  99,  p  136 

Miles  City,  Mont.: 

discharge Ann  11,  ii,  p  107 

Tonto  Basin  reservoir  project,  Cal.: 

description Ann  18,  iv,  pp  715-717 

Tonto  Creek  near — 
Livingston,  Ariz.: 

description . . .  WS  66,  pp  100-101;  85,  p  29 

discharge WS  66,  p  101 ;  85,  p  30 

discharge,  monthly "WS  75, 

p  178;  85,  p  32 

gage  heights WS  66,  p  101;  85,  p  31 

Roosevelt,  Ariz.: 

description WS  100,  p  45 

discharge WS  100,  p  46 

discharge,  monthly WS  100,  p  47 

gage  heights WS  100,  pp  46-47 

Tooele,  Utah. 

rainfall  data Ann  20,  iv,  pp  454,  457,  458 

Tooters  Creek  in— 
James  River  basin: 

discharge Ann  19,  iv,  p  171 

Topeka,  Kans. 

Kansas  River  near: 

discharge WS  99,  p  233 

rainfall  data Ann  20,  iv,  pp  306,  311,  313 

Topographic  maps  of  the  Arkansas  basin, 
Colo., 
construction  of,  by  A.  H.  Thompson. .  Ann  13 
iii,  pp  429-436 
Topographic  work  of  the  irrigation  survey 

report  on,  by  A.  H.  Thompson Ann  11,  ii, 

pp  291-312 
Toponas,  Colo. 

Rock  Creek  near: 

discharge WS  66,  p  98 

Little  Rock  Creel:  near: 

discharge WS  66,  p  98 

Toponis,  Idaho 

Little  Wood  River  near: 

description Ann  18,  iv,  pp  336-337; 

WS  16,  p  166;  28,  p  155;  38,  p  353 

discharge Ann  18,  iv,  p  337; 

WS  16,  p  166;  28,  p  168;  38,  p  353 

discharge,  monthly Ann  18,  iv,  p  339; 

19,  iv,  p  449;  20,  iv,  p  473;  21,  iv,  p  406 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights WSll,p81;  16,  p  166'; 

28,  p  160;  38,  p  353 

hydrograph Ann  21 ,  iv,  p  407 

rating  tables Ann  18,  iv,  p339;  19,  iv, 

p  449;  WS  28,  p  169;  39,  p  453 
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Toponis,  Idaho— Continued. 
Malade  River  near: 

description Ann  18,  iv,  pp  336-337; 

WS  16,  p  165;  28,  p  155;  38,  p  354 

discharge Ann  18,iv,p  337;  WS16,p 

166;  28,  p  168;  38,  p  354 

discharge,  monthly Ann  18,  iv,  p  338; 

19,iv,p449;  20,iv,pp 
473,477;    21,  iv,  p  407 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights "WS  11,  p  79; 

16,  p  166;  28,  p  160;  38,  p  354 

hydrographs Ann  20, 

iv,  p  477;  21,  iv,  p  408 

rating  tables Ann  18,  iv,  p  338; 

19,  iv,p  448;  WS  28,  p  169;  39,  p453 
Toppenish  River,  Wash.: 

discharge Bull  131,  p  92 

near  Toppenish,  Wash.: 

description Bull  131,  p  74 

Toronto,  Kans. 

rainfall  data Ann  19,  iv,  p  366 

Torrey  Springs  near- 
Albion,  Mich.: 

discharge "WS  97,  p  459 

Toston,  Mont. 

Missouri  River  near: 

discharge Ann  11,  ii,  p  42 

Towaliga  River  near- 
Juliette,  Ga.: 

description WS  36,  p  136; 

48,  p  154;  65,  p  263 
discharge.  WS  36,  p  136;  48,  p  154;  65,  p  264 

discharge,  monthly Ann  22,  iv,  p  166; 

WS  75,  p  75 

gage  heights WS  36,  p  136; 

48,  p  155;  65,  p  264 

hydrograph Ann  22,  iv,  p  166 

rating  tables WS  52,  p  513;  65,  p  321 

Town  Bluff,  Ga. 

Altamaha  River  near: 

discharge Ann  20,  iv,  p  169 

Town  Creek  near- 
Alice,  Ga.: 

discharge WS  49,  p  208 

Caldwell,  Ga.: 

discharge WS  49,  p  217 

Eatonton,  Ga.: 

discharge "WS  98,  p  104 

Town  Creek  in — 

Potomac  River  basin: 

discharge Ann  19,  iv,  p  147 

Town  Creek,  Tenn.,  in — 
Watauga  River  basin : 

discharge WS  49,  p  216 

Townsend,  Mont. 

Missouri  River  near: 

description Ann  18,  iv,  p  123; 

19,  iv,  p  283;  Bull  131,  pp  22-24; 
140.  p  93,  WS  15,  p  65.  27,  p  68; 
37,  p  208;  49,  p  265;  66,  p  20; 
84,  pp  336-337;   99,  pp  119-120 

discharge Ann  18,  iv,  p  124; 

Bull  131,  pp  23,  90,  92;  140,  p  93 
WS  15,  p  65,  27  p  75,  37,  p  208:  49, 
p265;  66,  p  21;  84,  p  338,  99,  p  121 


Townsend,  Mont.— Continued. 

Missouri  River  near — Continued. 

discharge,  monthly Ann  19,  iv, 

pp  284,  285;  20,  iv,  pp  234,  244; 
21,  iv,  p  187;  22,  iv,  p  286 
WS  75,  pp  117,  121;   99,  p  122 

discharge,  yearly Ann  20,  iv,  p  53 

gage  heights Bull  131,  pp  24-26; 

140,  p  94;  WS  11,  p  47;  15,  p  65;  27,  p  72; 
37,  p  208;   49,  p  266;   66,  p  21;  99,  p  121 

hydrographs Ann  19,  iv,  pp  284,  285; 

20,  iv,  p  245;  21,  iv,  p  188; 
22,  iv,  p  287;  WS  75,  p  121 

rainfall  and  run-off  relation Ann  20, 

iv,  p  235 

rating  tables Ann  19,  iv,  p  283; 

WS  27,  p  76;  39,  p  446;  52, 
p  516;   66,  p  170;  99,  p  122 
Toyah  Creek.  Tex. 

description WS  50,  pp  361-362 

Trail  Creek  in— 

Santa  Ynez  River  basin,  Cal.: 

discharge WS  100,  p  346 

Trapper  Creek,  Wyo.: 

discharge WS  66,  p  23 

Traverse  City,  Mich. 

Boardman  River  near: 

description WS  97,  p  439 

discharge WS  97,  p  439 

gage  heights WS  97,  p  440 

Tres  Piedras  Mesa,  N.  Mex.: 

description Ann  12,  ii,  p  257 

Trimble  Spring  near — 
Adairsville,  Ga.: 

discharge WS  36,  p  148 

Trinidad,  Colo. 

Purgatory  River  near: 

description Ann  18,  iv,  pp  231-232; 

WS  16,  p  123;  28,  p  108;  37,  p  263 

discharge Ann  18,  iv,  p  232; 

WS  16,  p  123;  28,  p  116;  37,  p  263 

discharge,  monthly Ann  19,  iv,  p  359; 

20,  iv,  pp  329,  341;  21,  iv,  p  235 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights WS  11,  p  61; 

16,  p  123;  28,  p  113;  37,  p  263 

hydrographs Ann  19,  iv,  p  360; 

20,  iv,  p341;  21,  iv,  p  236 

rainfall  and  run-off  relation Ann  20, 

iv,  p  330 

rating  tables Ann  19,  iv,  p  358; 

WS  28,  p  117;  39,  p  450 
Trinity  River,  Tex.: 

description Ann  21 ,  iv,  p  254 

near  Dallas,  Tex.: 

description WS  28,  118;  37,  p  271 

discharge WS  28,  p  129;  37,  p  271 

gage  heights WS  28,  p  121;  37,  p  272 

near  Fort  Worth,  Tex.: 

discharge WS  28,  p  130 

near  Oakwood,  Tex.: 

discharge WS  84,  p  143 

near  Riverside,  Tex.: 

description WS  84,  pp  142-143; 

99,  pp  322-323 
discharge "WS  84,  p  143;  99,  p  323 
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Trinity  River,  Tex.— Continued. 

near  Riverside,  Tex.— Continued. 

discharge,  monthly. WS  99,  p  325 

gage  heights WS  99,  pp  323-324 

rating  table WS  99,  p  324 

Trinity  River  basin: 

description WS  84,  p  142;  99,  p  322 

Trip,  Ga. 

Big  Creek  near: 

discharge WS  49,  p  207 

Triumfo  Creek  near — 
Calabasas,  Cal.: 

description WS  100,  pp  322-323 

discharge WS  100,  p  325 

discharge,  monthly WS  100,  p327 

gage  heights WS  100,  p  326 

rating  table WS  100,  pp  326-327 

Troublesome  Creek  near- 
Troublesome  Creek,  Colo.: 

discharge ws  66,  p  98 

Trout  Creek,  Cal.,  near — 
hake  Tahoe: 

discharge ws  100,  p  232 

Trout  Creek,  Colo.: 

in  Arkansas  River  drainage  basin: 

discharge ws  84,  p  138 

near  Pinnacle,  Colo.: 

discharge WS  66,  p98 

near  Pool,  Colo.: 

discbarge ws  too,  p  103 

Truckee,  Cal. 

Donner  Creek  near: 

description ws  85,  p  123;  100,  p  202 

discharge ws  51,  p  405; 

85,  pl23;  L00,  p  202 

discharge,  monthly ws  100,  p  204 

gage  heights.  WB85,  pi  23;  100,  pp202-203 

ratingtable ws  100,  p203 

Truckee  River  near- 
discharge WS  51,  p  405 

Truckee  Meadows,  X<\ . 
ditches  on  north  side  of: 

discharge ws  loo,  pp  234-236 

ditches  on  south  side  of: 

discharge ws  loo,  pp  233-234 

ditches  on  Truckee  River  below: 

discharge ws  100,  p236 

miscellaneous     stream      measure- 
ments   WS  100,  p231 

Truckee  River,  Cal.: 

description Ann  12,  ii,  pp  324-325 

Deer  Creek  near: 

discharge WS  51,  p  405 

ditches  on,  below  Truckee  Meadows: 

discharge ws  100,  p  236 

near  Boca,  Cal.: 

discharge,  monthly Ann  11, 

ii.  p  101;  13,  iii,  p  95 

discharge,  yearly Ann  20,  iv,  p  59 

hydrograph Ann  12,  ii,  p  324 

near  Essex,  New: 

dis< diarge Ann  11,  ii,  pp  65,  108 

discharge,  monthly Ann  11,  ii,  p  101 

near  Nev.-Cal.  state  line: 

description WS  38,  p  331;  51, 

p  403;  66,  p  112;  85,  pp 
119-120;  100,  pp  192-193 


Truckee  River,  Cal. — Continued. 

near  Nev.-Cal.  State  line — Continued. 

discharge WS  38,  p  331;  51,  p  403;  66, 

p  112;  85,  p  120;  100,  p  193 

discharge,  monthly Ann  22,  iv,  p  404; 

WS  75,  p  185;  85,  p  121;  100,  p  194 

gage  heights WS  38,  p  331;  51,  p  404; 

66,  p  113;  85, p  120;  100,  p.  193-194 

hydrograph Ann  22,  iv,  p  404 

rating  tables WS  52,  p  521; 

66,  p  175;  85,  p  120;  100,  p  194 
Squaw  Creek,  near: 

discharge Ann  11,  ii,  pp  64, 108; 

WS  51,  p  405 
near  Tahoe,  Cal. 

description..  Bull  140,  pp  210-211;  WS  51, 
p  402;  66,  p  111;  85,  pp  115-116;  100,  p  183 

discharge Ann  11,  ii,  pp  64, 108; 

WS51,  p402;  66,  pill; 
85,   p    116;    100,    p    183 

discharge,  monthly Ann  22,  iv,  p  403; 

Bull  140,  p  212;  WS  75,  p 
184;  85,  p  117;  100,  p  185 

gage  heights Bull  140,  p  211; 

WS  51,  p  403;  66,  p  112 
85,   p  116;    100,   p    184 

hydrograph Ann  22,  iv,  p  403 

rating  tables WS  52,  p  520; 

66,  p  175;  85,  p  117;  100,  p  184 
near  Truckee,  Cal.: 

discharge WS  51,  p  405 

near  Vista,  Nev.: 

description WS  38,  pp  331-332; 

51,  p  404;  66,  p  113;  85,  pp 
117-118;    100,    pp    185-186 

discharge WS  38,  p  332;  51,  p  404; 

66,  p  113;  85,  p  118;  100,  p  186 

discharge,  monthly Ann  11,  ii,  p  102; 

12,  ii,  p  351;  13,  iii,  p  95;  22,  iv,  p405; 
WS  75,  p  186;  85,  p  119;  100,  p  187 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  59 

gage  heights WS  38,  p  332; 

51,  p  405;  66,  p  114;  85, 
p  118;   100,  pp  186-187 

hydrographs Ann  12,  ii,  p  324; 

22,  iv,  p  405;  WS  75,  p  186 

rating  tables WS  52,  p  521; 

66,  p  175;  85,  p  119;  100,  p  187 
near  Wadsworth,  Nev.: 

description WS  100,  p  188 

discharge WS  100,  p  188 

discharge,  monthly WS  100,  p  190 

gage  heights WS  100,  pp  188-189 

rating  table WS  100,  p  189 

near  Laughtons,  Nev.: 

discharge,  monthly Ann  11,  ii,  p  101 

Truckee  River  basin,  Nev.: 

description Ann  11,  ii,  pp  63-64; 

21,  iv,  pp  393-494 
irrigation  surveys  in,  engineering  re- 
sults   Ann  13,  iii,  pp  389-394 

Truckee  River,  Little.    See  Little  Truckee. 
Trull,  Colo. 

Elk  River  near: 

discharge WS  28,  p  143; 

85,  p  77;  100,  p  103 
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Trunk  Butte  Creek,  Nebr.: 

discharge WS  39,  p  440 

T.  S.  ranch,  Colo. 

rainfall  data Ann  20, 

iv,  pp  375, 376, 379, 397, 398, 399 
Tuckahoe  River,  N.  J. 

description WS  65,  pp  212-213 

discharge WS  65,  p  213 

Tuckaleechee  Cove,  Tenn. 
Big  Spring  Creek  near: 

discharge WS  49,  p  217 

Little  River  near: 

discharge WS  49,  p  217 

Tuckaseegee  River,  N.  C. 

description Ann  21,  iv,  p  161 

near  Bryson: 

description Ann  18,  iv,  pp  116-117; 

Bull  140,  p  82;  WS  15,  p  61; 
27,  p  59;  36,  p  167;  48,  p  188; 
65,  p  304;  83,  p  218;  98,  p  273 

discharge Ann  18,  iv,  p  117; 

Bull  140,  p  82;  WS  15,  p  61; 

27,  p65;  36,  p  167;  48,  p  189; 
65, p  304;  83,  p  218;  98, p  274 

discharge,  monthly Ann  20,  iv,  p  206; 

21,  iv,  p  162;  22,  iv,  p  223;  WS 
75,  p  104;  83,  p  220;  98,  p  275 

discharge,  yearly Ann  20,  iv,  p  52 

gage  heights WS  11,  p  42; 

15,  p  61;  27,  p  63;  36,  p  168;  48,  p 
189;  65,  p  305;  83,  p  219;  98  p  274 

hydrographs Ann  20,  iv,  p  206; 

21,  iv,  p  162 

rating  tables WS  27,  p  66; 

39,  p  446;  52,  p  515;  65, 
p324;  83,  p  219;  98,  p275 
Dillsboro,  N.  C: 

discharge Bull  140,  pp  81-82 

Tucker  Creek  in — 

French  Broad  River  basin,  N.  C: 

discharge WS  49,  p  211 

Tuckers,  Oreg. 

Hood  River  near: 

description WS  16,  p  181; 

28,  p  159;  38,  p  380;  51,  p  445 
discharge Ann  20,  iv,  p  516; 

WS  16,  p  181;  28,  p  169;  38,  p  380 

discharge,  monthly Ann  21,  iv,  p  435 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  16,  p  181; 

28,  p  168;  38,  p  380 

hydrograph Ann  21,  iv,  p  436 

rating  table WS  39,  p  455 

Tucson,  Ariz. 

rainfall  data Ann  12,  ii,  p  300 

Tugaloo  River,  S.  C: 

description Ann  21,  iv,  p  130 

near  Madison: 

description  ..  WS  27,  p  28;  36,  pp  127-128; 
48,  p  149;  65,  p  252;  98,  pp  67-68 

discharge WS  36,  p  128;  48,  p  149 . 

65,  p  252;  98,  p  68 

discharge,  monthly Ann  20,  iv,  p  162; 

21,  iv,pl31;22,iv.pl60; 
WS  75,  p  63;   98,  p  69 

gage  heights WS  27,  p  40;  36,  p  128; 

48,  p  149:  65,  p  253;  98,  p  69 


Tugaloo  River,  S.  C— Continued, 
near  Madison— Continued. 

hydrographs Ann  20,  iv,  p  162; 

21,  iv,  p  131;  22,  iv,  p  160 

rating  tables WS  27,  p  46;  39,  p  444; 

52,  p  513;  65,  p  320;  98,  p  69 
Tugaloo  River  and  tributaries: 

discharge,  miscellaneous. .  WS  49,  pp  206-207 
Tujunga  River,  Cal. 

discharge,  low- water.  WS  39,  p  434;  66,  p  167 
See  also  Little  Tujunga. 
Tulare  Lake. 

discharge WS  28,  p  192 

Lower  Tule  River  near- 
discharge WS  66,  p  167 

Tularosa  River,  Ariz.: 

description Ann  21,  iv,  pp  338-339 

discharge Ann  21,  iv,  p  338 

Tule  River,  Cal.: 

description Bull  140,  pp  276-279 

discharge,  low- water Ann  20,  iv,  p  526; 

22,  iv,  p  497;   WS  28,  p 
193;  39,  p  433;  51,  p  482 

discharge,  miscellaneous WS  66,  p  167; 

85,  p  162 
near  Porterville: 

description Ann  12,  ii,  pp  319-320; 

WS  66,  p  157;  85,  pp  151-152;  100,  p  299 

discharge WS  66,  pp  157,  167; 

85,  pp  152,  162;  100,  p  299 

discharge,  monthly WS  75,  p  218; 

85,  p  153;  100,  p  301 

discharge,  yearly Bull  140,  pp  311, 312 

gage  heights WS  66,  p  158; 

.  85,  p  152;  100,  p  300 

hydrograph Ann  12,  ii,  p  319 

rating  tables WS  66,  p  178; 

85,  p  153;  100,  p  301 
Tule  River  and  ditches,  Cal.: 

discharge Bull  140,  pp  277-278 

Tule  River,  East  Fork  of,  Cal. : 

discharge WS  85,  p  161 

Tule  River,  Lower,  at— 
Tulare  Lake,  Cal.: 

discharge WS  66,  p  167 

Tule  River,  Middle  Fork  of,  Cal.: 

discharge WS  85,  p  161 

Tule  River,  North  Fork  of,  Cal.: 

discharge WS  85,  p  162 

Tule  River,  South  Fork  of,  Cal.: 

discharge WS  66,  p  167; 

85,  pp  161,  162;  100,  p  308 
Tulsa,  Ind.  T. 

rainfall  data Ann  19,  iv,  p  366 

Tunis  Creek  in— 

San  Joaquin  River  basin: 

description Bull  140,  p  260 

discharge Ann  18,  iv,  p  416 

Tuolumne  River,  Cal. 

description Ann  20,  iv,  p  531 ; 

21,  iv,  p  449;  Bull  140,  p  297 

discharge,  low-water WS  39,  p  432 

discharge,  miscellaneous WS  66,  p  167; 

85,  pp  159,  160 
in  Hetch  Hetchy  Valley: 

description WS  66,  p  146 

discharge WS  66,  p  147;  100,  p  306 
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Tuolumne  River,  Cal.—  Continued. 

in  Hetch  Hetchy  Valley— Continued. 

discharge,  monthly WS  75,  p  212 

gage  heights WS  66,  p  147 

near  Lagrange,  Cal.: 

Cross  section Ann  18,  iv,  p  380 

description Ann  18,  iv,  pp  378-381 ; 

19,  iv,  p  512;  Bull  140,  pp  301- 
303;  WS  16,  p  188;  28,  pp  178- 
179;  38,  p  393;  51,  p  456;  66> 
p  119;   85,  p  142;  100,  p  285 

discharge Ann  18,  iv,  p  381; 

19,  iv,  p  512;  Bull  140,  pp  301, 
302;  WS  16,  p  188;  28,  p  185; 
38,  p  394;  51,  pp  457-458;  66,  pp 
149, 167;  85,  pp  142;  100,  p  286 

discharge,  low- water Ann  20,  iv, 

p  526;  WS,  28,  p  193;  51,  p  481 

discharge,  monthly Ann  18,  iv,  p 

383;  19,  iv,  p  513:  20,  iv,  p  532; 
21,  iv,  pp  449,  451;  22,  iv,  p 
465;   WS  75,   p  214;  85,  p  145 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights Bull  140,  p  302;  WS 

11,  p  90;  16,  p  188;  28,  p  183;  38,  p  395; 
51,  p  457;  66,  p  149;  85,  p  143;  100,  p  286 

hydrographs Ann  18,  iv.  p  383; 

19, iv,  p514;  20,  iv,  p  532;  21,  iv, 
p  450;  22,  iv,p  465;  WS  7.\  p  21  1 

rating  tables Ann  18,  iv,  p  382; 

19,  iv,  p   513;  Bull   140,  p  302; 
WS  28,  p  186;  39,  p  455;  52, 1 1  523; 
66,  p  178;  85,  p  143;  100,  p  287 
near  Modesto,  Cal.: 

description Ann  12,  ii,  pp  322-323; 

is,  iv,  p384;  Bull  131,  pp  83-84; 
lid,  pp298,  300;  WS  16,  p  189 

discharge Ann  18,  iv,  p  384; 

Bull  131,  p  84;   1  lo,  p  301;  WS  16,  p  189 

ilhriiar^t'.  monthly Ann  18,  Lv,  p  385; 

Bull  140,  p  301 
discharge,  yearly  —  Bull  1 10,  pp  311,  312 

gage  heights Bull  131,  p  85; 

1  lo,  pp  299  300;  WS  11,  p  91;  16,  p  189 

hydrographs Ann  12,  ii,  p  322; 

L8,  iv,  p386 

rating  tables Ann  18,  iv,  p  385; 

Bull  1  lo,  p  2'. is 

reservoir  sites  on Ann  20.  iv,  p  .">:;:; 

weir  proposed  on,  cross  section Ann  21, 

iv,  p  101 
Tuolumne  River  basin,  Cal.: 

rainfall  data WS  75,  pp  229-230 

Tuolumne  River,  Middle  Fori  of,  Cal.: 

discharge WS  85,  p  159 

near  Sequoia,  Cal.: 

discharge ws  100,  p  306 

Tuolumne  River,  North  Fork  of.  Cal.: 

discharge WS  85,  p  159;  100,  p  306 

Tuolumne  River,  South  Fork  of,  Cal.: 

discharge WS  85,  p  159 

Tuolumne  River  and  canals  near — 
Lagrange,  Cal.: 

discharge,  low-water . . .  Ann  22,  iv,  p  496 
discharge,  monthly WS  100,  p  287 


Tuolumne  River  and  Turlock  Canal  near — 
Lagrange,  Cal.: 

discharge,  monthly  (combined)..  WS  85, 

pl46 
Turbidity  of  rivers: 

determinations  of WS  35,  pp  24-25 

scale  of WS  35,  p  25 

Turkey  Cove  Creek,  in — 

Catawba  River  basin,  N.  C: 

discharge WS  49,  p  205 

Turkey  Creek,  in— 

Coosawattee  River  drainage  basin,  Ga.: 

discharge WS  49,  p  209 

Turkey  Creek,  Nebr. 

discharge WS  39,  p  440 

near  Naponee,  Nebr.: 

discharge WS  50,  p  311 

Turkey  Creek,  N.  C,  at— 
Blackwell  Springs: 

discharge WS  49,  p  212 

Turkey  Creek,  Okla.,  near — 
Victory: 

discharge WS  99,  p  320 

Turkey  Creek  (North)  near- 
Conifer,  Colo.: 

discharge WS  84,  p  94 

Turnerville,  Ga. 

Panther  Creek  near: 

discharge WS  49,  p  206 

Turlock  Canal,  Cal. 

discharge WS  38,  pp  393, 394;  51,  p  457 

discharge,  daily WS  51,  p  458 

engineering  features...  Ann  I3,iii,pp  203-210 
near  Lagrange,  Cal.: 

description WS  85,  p  144;  100,  p  288 

discharge WS  85,  p  144;  100,  p  288 

discharge,  daily WS  38,  p  394 

discharge,  monthly ws  85,  p  146 

gage  heights WS  66,  p  150; 

85,  p  144;  100,  pp  288-289 

rating  tables WS  85,  p  145;  100,  p  289 

Turlock  Canal  and  Tuolumne  River  at— 
Lagrange,  Cal.: 

discharge,  monthly,  combined...  WS85, 

pl46 
Turner  Creek,  Ga. 

in  Chattahoochee  River  basin: 

discharge WS  49,  p  208 

Chestatee  River  below: 

discharge ws  49,  p208 

Tuscaloosa,  Ala. 

Black  Warrior  River  near: 

description Ann  18,  iv,  pp  103-105; 

WS  15,  p  57;  27,  p  48;  36,  p  156;  48,  p 
170;  65,  p  284;  83,  p  154;  98,  pp  159-160 

discharge Ann  18,  iv,  p  105 

WS  1 5,  ],  57 ;  36,  p  156;  65,  p  284:  98,  p  1 60 

discharge,  monthly Ann  18,  iv,  p  108; 

19,   iv,  p  251;  20,   iv,  p  194;  21,   iv,  p 
153;  22,  iv,  p207;  WS  75,  p  96;  83,  p  156 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  11,  pp  37-40; 

15,  p  57;  27,  p  56;  36,  p  157;  48,  p  171; 
65,  p  285;   83,  pp  154-155;   98,  p  160 

hydrographs Ann  18,  iv,  p  108; 

19,  iv,  p  25;  20,  iv,  p  195;  21,  iv,  p  153 
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Tuscaloosa,  Ala.— Continued. 

Black  Warrior  River— Continued. 

rating  tables Ann  18,  iv,  pp  106-107; 

19,  iv,  p  251;  WS  27,  p  58;  39,  p 
445;  52,  p  514;  65,  p  323;  83,  p  155 
Tuscumbia,  Ala. 
Big  Spring  near: 

discharge WS  98,  p  293 

Tuttle  Creek  near — 
Lone  Pine,  Cal.: 

discharge WS  100,  p  225 

Twelvemile  Creek  near— 
Calhoun,  S.  C: 

discharge WS  98,  p  70 

Twin  dam  in—  • 

Penobscot  River  basin,  Me.: 

storage  control  at . . .  Ann  19,  iv,  pp  59-60 
Twin  Creeu:,  East,  in— 

San  Bernardino  Valley,  Cal.: 

description Ann  19,  iv,  pp  612-613 

discharge. .  Ann  19,  iv,  p  613;  20,  iv,  p  557; 
WS  85,  p  179;  100,  p  352 

discharge,  low- water WS  28,  p  194; 

39,  p  432,  436 
Twin  Creek,  West,  in— 

San  Bernardino  Valley,  Cal.: 

description Ann  19,  iv,  p  613 

discharge Ann  19,  iv,  p  613; 

20,  iv,  p  557,  WS  85, 
p  179;  100,  pp  351-352 

discharge,  low-water WS  28,  p  194; 

39,   pp  432, 434 
Twin  Lakes,  Cal. 

Robinson  Creek  near: 

discharge WS  85,  p  125 

Twin  Lakes,  Colo. 
Lake  Creek  at: 

description . .  WS  37,  p  2.56;  50,  pp  320-321 

discharge "WS  37,  p  256; 

50.  p  321;  Bull  131,  p   91 

discharge,  monthly Ann  21,  iv,  p  238; 

22,  iv,  p  339 

gage  heights WS  37,  p  257;  50,  p  322 

rating  table WS  39,  p  449;  52,  p  518 

Twin  Lake  Creek,  Colo.,  in— 

discharge Ann  11,  ii,  p  47 

near  Twin  Lakes,  Colo.: 

discharge,  monthly Ann  11,  ii,  p  96 

hydrograph Ann  12,  ii,  p  240 

Twin  Lakes,  Colo. 

rainfall  data Ann  20,  iv,  pp  326,  327,  330 

Twin  Lakes  reservoir  project,  Colo.: 

description Ann  21,  iv,  pp  238-240 

engineering  features . .  Ann  13,  iii,  pp  365-370 
Twin  Lakes  reservoir  site,  Utah: 

map Ann  21,  iv,  p  396 

Twin  Mountain,  N.  H. 
Zealand  River  near: 

description WS  97,  pp  90-91 

discharge WS  97,  p  91 

gage  heights WS  97,  p  91 

Twin  Rock  Bridge,  N.Y. 

West  Canada  Creek  near: 

description WS  47,  p  49; 

65,  pp  153-154;  82,  p  87;  97,  pp  196-197 

discharge '....  WS  47,  p39; 

65,  p  154;  82,  p  88;  97,  p  197 


Twin  Rock  Bridge,  N.  Y.— Continued. 
West  Canada  Creek  near— Continued. 

discharge,  daily WS  97,  pp  200-203 

discharge,  flood WS  65,  p  155 

discharge,  monthly WS  97,  pp  204-205 

gage  heights WS  47,  p  50; 

65,  p  154;  82,  p  88;  97,  p  198 

rating  table WS  97,  p  199 

Twine,  N.  C. 

Long  Bullet  Creek  near: 

discharge WS  49,  p  217 

Two  Bridges,  N.  J. 
Passaic  River  at: 

description WS  65,  p  210; 

82,  p  125;  97, p  231 

discharge WS  65,  p  211; 

82,  p  125;  97  p  232 

discharge,  monthly WS  75,  p  26; 

82, p  126 

gage  heights WS  65,  p  211; 

82,  p  126;  97,  p  232 

rating  table WS  65,  p  318 

Pompton  River  near: 

description WS  65,  p  211; 

82,  p  123;  97,  p  224 

discharge WS  65,  p  212; 

82,  p  124;  97,  p  225 

discharge,  monthly WS  75,  p  26; 

82,  p  125 

gage  heights WS  65,  p  212; 

82,  p  124;  97,  p  225 

rating  table WS  65,  p  318 

Two  Butte  Creek  at— 
Holly,  Colo.: 

discharge  .  WS  99,  p  310 

Two  Medicine  River,  Mont. 

discharge WS  49,  p  269 

near  Midvale,  Mont.: 

description....  WS  84,  pp  34-35;  99,  p  115 

discharge WS  84,  p  35 

gage  heights WS  85,  p  35;  99,  p  116 

Twomile  Creek  in— 

Tuolumne  River  basin,  Cal.: 

discharge WS  100,  p  306 

Tye  River  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  171 

Tygh,  Oreg. 

White  River  near: 

discharge Ann  19,  iv,  pp  495, 498 

Tygh  River  near: 

discharge Ann  19,  iv,  pp  495, 498 

Tyler,  Tex. 
dam  at: 

description Ann  18,  iv,  pp  654-655 

U. 

Uinta,  Utah. 

Weber  River  near: 

description Ann  14,  ii,  p  122;  18, 

iv,  p  323;  Bull  131,  p  57;  140, 
pp  231-232:  WS  16,  p  161;  28, 
p  146;  38,  pp  337-338;  51,  p  414; 
66,  p  122;   85,  p  87;   100,  p  138 

discharge Ann  18,  iv,  p  323; 

Bull  131,  p  91;  140,  p  232;  WS  16, 
pl61;  28,  p  153;  38,  p  338;  51,  p 
414;  66,  p  122;  85,  p  87;  100,  p  139 
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Uinta,  Utah— Continued. 

Weber  River  near— Continued. 

discharge,  monthly Ann  11,  ii,  p  103; 

12,  ii,  pp  353,  360;  13,  iii,  p  96; 
14,  ii,  pp  122-123;  18,  iv,  p  325; 
19,  iv,  p  440;  20,  iv,  pp  458, 
466;  21,  iv,  p  398;  22,  iv,  p  411; 
Bull  140,  p  233;  WS  75,  p  193 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  pp  60,  61 

gage  heights Bull  131,  p  58; 

140,  p  233;  WS  11,  p  78;  16,  p 
161;  28,  p  151;  38,  p  338;  51, 
p  415;  66,   p   122;  100,  p   139 

hydrographs Ann  12,  ii,  p  336; 

14,  ii,  p  122;  18,  iv,  p  325; 
19,  iv,  p441;  20,  iv.  p  166; 
21,  iv,  p  398;  22,  iv,  p  412 

rainfall  and  run-off  relation Ann  20. 

iv,  p  459 

rating  tables Ann  18,  iv,  p  324; 

19,  iv,  p  440;  Bull  131,  p  58; 
140,  p  232;  WS  28,  p  154;  39, 
p  453;  62,  p  521;  66,  i»  176 
Uinta  Indian  Reservation: 

arable  lands  in Ann  22,  iv,  p  386 

canal  systems  in Ann  21,  iv,  pp  317-319 

irrigable  land  on  and  near Ann  21, 

iv,  pp  329-330 

map Ann  21,  iv,  p  307 

physical  features Ann  22,  iv,  pp  367-368 

water  supply,  investigation  of Ann  21,  iv, 

pp  305-330;  22,  iv,  pp  3*56-388 
Uintaite  deposits: 

occurrence  and  character  of Ann  21,  iv, 

pp  313-314 
Uinta  River,  Utah: 

below  regular  gaging  station: 

discharge ws  loo,  p  128 

discharge.  Ann  21,  iv,  pp  322,323;  22,  iv,  p387 
in  canyon: 

discharge Ann  21,  iv,  pp  322,323 

discharge,  monthly Ann  21,  Lv,  p323 

near  Fori  Duchesnej  Utah: 

description WS  37,  p  290;  50,  p  370; 

66,  p  85;  85,  p  61;  100,  pp  113-114 

discharge Ann  21 .  iv.  pp  322,  323; 

WS  37,  p  290:  50,  p  370;  66,  p  86; 
85,  pp  62-63;    100,   pp  111   L15 

discharge,  monthly Ann  21,  iv,  p  324; 

22,   iv,   p   376;    WS  75, 
p  166;  85,  p  64;  100,  pll6 

gage  heights WS  50,  p  371; 

66,  p  86;  85,  p  63;  100,  p  115 

hydrograph Ann  22,  Lv,p  376 

rating  tables ws  52,  p  519; 

66,  pl74;  85,  p  64;  100,  p  116 
near  Ouray  School,  Utah: 

description WS  37,  p 2»1;  50,  p  371; 

66,  p86;  85,  p  52;  100,  pp  103-104 

discharge Ann  21,  iv,  p  322; 

WS37,p291;  50,  p  372;  66, 
p  87;  85,   p  53;  100,  p  104 

discharge,  monthly Ann  21,  iv,  p  325; 

22,  iv,  p  377;  WS  75,  p 
166;  85,  p  55;  100,  p  106 


Uinta  River,  Utah— Continued. 

near  Ouray  School,  Utah — Continued. 

gage  heights WS  37.  p  291; 

50,  p  372;  66,  p  87;  85,  p  54;  100,  p  105 

hydrograph Ann  22,  iv,  p  377 

rating  tables WS  52,  p  519; 

66,  p  174;  85,  p  54;  100,  p  105 
near  Whiterocks,  Utah: 

description. . .  WS  37,  pp  288-289;  50,  p  369; 
66,  p  84;  85,  p  65;  100,  pp  1 16-117 

discharge WS  37,  p  289;  50,  p  369; 

66,  p  84;  85,  pp  65-66;  100,  p  117 

discharge,  monthly Ann  22,  iv,  p  375; 

WS  75,  p  165;  85,  p  68;  100,  p  118 

gage  heights WS  85,  p  67;  100,  p  118 

rating  tables WS  52,  p  519;  66,  p  173 

Uinta  River  basin,  Utah: 

agricultural  lands Ann  22,  iv,  pp  370-372 

arable  lands Ann  22,  iv,  p  386 

canals  and  diversion  ditches,  discharge. .  Ann 
22,  iv,  p  374 

water  supply Ann  22,  iv,  pp  373-374 

Umatilla,  Oreg. 

Umatilla  River  near.    See  Umatilla  River. 
Umatilla  River,  Oreg. 

description Ann  20,  iv,  p  514;  21,  iv,  p429 

near  Gibbon,  Oreg.: 

description Ann  18,  iv, 

p  361;  19,  iv.  p  193;  WS  16,  p  180;  28, 
P  l.V.t;  38,  pp  376-377;  51,  p  444;  66, 
p  137;  85,  pp  183-184;  100,  pp  366-367 

discharge Ann  is,  iv,  p  361;  ws  16, 

p  180;  28,  p  169;  85,  p  184;  100,  p  367 

discharge,  monthly Ann  19,  iv,  p  494; 

20,  iv,  p  515;  21,  iv,  p  430;  22,  iv, 
P  453;  WS  75,  p  206;  85,  p  185 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  11,  p  88;  16,  p  180; 

28,  p  167;   38,  p  377;   51,  p  445; 
66,  1. 137;  85,  p  LSI;  100,  pp 367-368 

hydrographs Ann  19,  iv,  p  494; 

20,iv,p515;  21,iy,p430;  22,iv,  p453 

rating  tables Ann  19,  iv,  p  493; 

WS   28,    p   170;   39,   p  454; 
52,  p  522:  66,  pi 77;  85,  p  185 
near  Pendleton,  Oreg.: 

description Bull  131,  p  68; 

WS  100,  pp  362-363 

discharge Bull  131 ,  pp  69,  90; 

WS100,  p364 

discharge,  monthly Bull  131,  p  69; 

gage  heights WS  100,  p  364 

near  Umatilla,  Oreg.: 

description WS  100,  p  359 

discharge WS  100,  p  360 

gage  heights WS  100,  p  360 

near  Yoakum,  Oreg.: 

description WS  100,  pp  360-361 

discharge ws  100,  p  361 

discharge,  monthly WS  100,  p  362 

gage  heights WS  100,  p  361 

rating  table WS  100,  p  362 

Umatilla  River  basin: 

description Ann  22,  iv,  pp  452-453; 

Bull  131,  pp  69-73 
diverted  waters Bull  131 ,  pp  70-71 
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Umbagog-Rangeley  lakes,  Me.: 

description Ann  19,  iv,  pp  86-87 

Uncorapahgre,  Colo. 

Uncompahgre  River  near: 

gage  heights WS  11,  p  69 

Uncompahgre  Indians: 

allotments  of Ann  21,  iv,  pp  314-315 

Uncompahgre  River,  Colo.: 

description Ann  20,  iv,  p  391 

near  Colona,  Colo.: 

description WS  100,#pp  72-73 

discharge WS  100,  p  73 

discharge,  monthly WS  100,  p  75 

gage  heights WS«100,  p  74 

rating  tables WS  100,  pp  74-75 

near  Delta,  Colo.: 

description WS  100,  p  67 

discharge WS  66,  p  98;  100,  p  68 

discharge,  monthly WS  100,  p  69 

gage  heights WS  100,  p  68 

rating  tables WS  100,  p  69 

near  Fort  Crawford,  Colo.: 

description Ann  18,  iv,  pp  265-266; 

19,  iv,  p  402;  Bull  140,  p  188;  WS  16, 
p   139;    28,   p    131;    37,  pp    296-297 

discharge Ann  18,  iv,  p  266; 

19,  iv,  p  402;  Bull  140,  p  188;  WS  16, 
p  139;  28,  p  142;  37,  p  297;  85,  p  77 

discharge,  monthly Ann  18,  iv,  p  267; 

19,  iv,  p  404;  20,  iv,  pp  378,  391; 
21,  iv,  p  279;   Bull  110,  p   189 

discharge,  yearly Ann  20,  iv,  p  58 

gage  heights Bull  140,  p  189; 

WS  16,  p  139;  28,  p  136;  37,  p  297 

hydrographs Ann  18,  iv,  p  268;  19,  iv, 

p  404;  20,  iv,  p  392;  21,  iv,  p  280 

rainfall  and  run-off  relation Ann  20, 

iv,  p  379 

rating  tables Ann  18,  iv,  p  267; 

19,   iv,   p  403;  Bull  140,  p 
188;  WS  28,  p  144;  39,  p  45 
near  Montrose,  Colo.: 

description. . . .  WS  50,  p  379-380;  100,  p  70 
discharge..  WS50,  p380;  66,p98;  100,  p 70 

discharge,  monthly Ann  22,  iv,  p  392; 

WS  100,  p  72 

gage  heights WS  11,  p  69; 

50,  p380;  100,  p  71 
rating  tables..  WS  52,  p  520;  100,  pp  71-72 
near  Ridgway,  Colo.: 

discharge WS  100,  p  95 

near  Uncompahgre,  Colo.: 

gage  heights WS  11,  p  69 

seepage  computations WS  50,  p  306 

Underground  water  investigations 

scope  of Ann  20,  iv,  pp  44-45 

Underground  water  of  the  Arkansas  Valley 
in  eastern   Colorado,  by  G.  K. 

Gilbert Ann  17,  ii,  pp  551-601 

Uneva,  W.  Va. 

Cheat  River  near: 

description WS  36,  pp  160-161  ; 

48,  p  177;  65,  p  290 

discharge WS  36,  p  161; 

48,  p  177;  65,  p  290 
discharge,  monthly WS  75,  p  100 


Uneva,  W.  Va.— Continued. 

Cheat  River  near— Continued. 

gage  heights WS  36,  p  161;  48,  p  177 

rating  table WS  65,  p  323 

Uneva  Lake,  Colo. 

Tenmile  Creek  near: 

discharge WS  100,  p  94 

gage  heights WS  100,  p  95 

Unicoi,  Tenn. 

North  Indian  Creek  near: 

discharge i WS  49,  p  213 

Union  Canal  in— 

Humboldt  River  basin: 

discharge WS  85,  p  124 

Union  Creek  near- 
Madison,  Nebr.: 

discharge..  Ann  18,  iv,  p  193;  20,  iv,  p303 
Union  Gap,  Wash. 

Atanum  Creek  near: 

discharge Ann  19,  iv,  p  473 

Yakima  River  near: 

description Ann  14,  ii,  pp  133-134; 

18,  iv.pp  356-357;  19,  iv, 

p  479;  Bull  140,  pp  245- 

246;  WS16,  p  175;  28,  p 

159;  38,  pp  373-374;  51,  p 

441;  66,  p  135;  85,    pp 

188-189;  100,  pp  376-377 

discharge. .  Ann  14,  ii,  p  134;  18,  iv,  p  357; 

19,  iv,  p  480;  Bull  131,  pp  90, 

92;     140,    p    246;    WS    16,  p 

175;    28,    p    169;    38,   p    374; 

51,  p  441;  85,  p  189;  100,  p  377 

discharge,  monthly Ann  18,  iv,  p  358; 

19,  iv,  p  480;  20,  iv,  pp  499,  500; 
21,  iv,  p  427;  22,  iv,'  p  447;  WS 
75,  p  202;  85,  p  190;  100,  p  378 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights  ...  Bull  140,  p  247;  WS  11, 
p,  85;  16,  p  175;  28,  p  165; 
38,  p  374;  51,  p  442;  66, 
p  135;  85,  p  189;  100,  p  377 

hydrographs Ann  19,  iv,  pp  480, 481; 

20,  iv,  p  501;  21,  iv, 
p  428;  22,  iv,  p  447 

rainfall  and  run-off  relation Ann  20, 

iv,  p  500 

rating  tables Ann  18,  iv,  p  357;  19, 

iv,    p    479;    WS   28,     p 
170;39,p454;52,p522;66, 
p  177;  85,  p  190;  100,  p  378 
Union  Park,  Colo. 
Lottys  Creek  in: 

discharge WS  100,  p  94 

U.  S'.  Board  of  Engineers  on  Deep  Water- 
ways: 

streams  measured  by WS  35,  pp  23-24 

Units  of  measurement Ann  11,.  ii,  pp  2-5; 

14,  ii,  pp  100-101 
Upper  Creek  in— 

Catawba  River  basin,  N.  C: 

discharge WS  49,  p  205 

Upper  Eel  River  near — 
Logansport,  Ind.: 

description WS98,  p227 
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Upper  Holcomb,  Cal. 

rainfall  data Ann  19,  iT,  pp  538, 539, 568; 

20,  iv,  pp  560, 561;  WS  39,  pp  437, 438 
Upper  Lake,  Cal. 

rainfall  data WS  52,  pp  495, 496; 

66,  pp  168, 169 
Utah: 

Interior  basin  of: 

discharge  of  creeks  and  ditches  in 

WS  100,  p  224 

irrigation  in Bull  140,  pp  222-224 

irrigation  surveys  in: 

engineering  report Ann  11 , 

ii,  pp  183-189 

rainfall  in Bull  140,  pp  221-222 

reservoir  surveys  in Ann  10,  ii,  p  63; 

13,  iii,  pp  458-478 
Utah,  northeastern: 

creeks,  ditches,  and  canals  in: 

discharge WS  100,  pp  127-128 

Utah-Idaho 

reservoir  surveys  in...  Ann  13,  iii,  pp  452-458 
Utah  Lake: 

description Ann  19,  iv,  pp  443-444; 

21,  iv.  p400;  WS38, 
pp  339-340;  51,  p  419 

fluctuations  of Ann  12,  ii,  pp  336-337 

gage  heights WS  51,  p  420 

near  Geneva,  Qtah: 

description Ann  18,  iv,  pp  327-328 

WS  Hi,  p  163;  28,  p  146:  38,  p  341 

gage  heights Ann  18,  iv,  p  330; 

WS  16,  i>  163;  28,  p  152;  38,  p  341 
near  Spanish  Fork,  Utah: 

Lra^>'  heights Ann  18,  iv,  p  329 

Utah  Lake  drainage: 

description Ann  11,  ii,  p  70; 

12,  ii,  pp  334-344;  is.  iv,  pp327  328 
evaporation  investigations Ann  12, 

ii.  pp  337-338 
Utah  Lake  gaging  station: 

plan  and  section Ann  21,  iv,  pp  100,401 

Utah  Lake  reservoir  system: 

survey  of Ann  11,  ii,  pp  184  189 

Utah  Valley,  Utah: 

irrigation  in WS  52,  pp  198-509 

Ute  Creek  near — 
Buford,  Colo.: 

discharge ws  100,  p  103 

Ute  Indian  Reservation: 

water-supply  investigation Ann  20, 

iv,  pp  408-434 
Utica,  N.  Y. 

Ballou  Creek  near: 

discharge ws  82,  p  84 

Deerfield  reservoir  near: 

rainfall  data....  WS82,  pp86-87;  97,p213 
Graefenberg  reservoir  near: 

rainfall  data WS  97,  p  215 

Mohawk  River  near: 

description WS  65,  p  151 ; 

82,  p  80;  97,  p  205 

discharge WS  65,  p  152; 

82,  p81;  97,  p  206 

discharge,  daily WS  65,  pl53; 

82,  p  81;  97,  p  206 
discharge,  flood WS  65,  p  152 


Utica,  N.  Y.— Continued. 

Mohawk  River  near — Continued. 

discharge,  monthly WS  65,  p  152; 

82,  p  82 
Reels  Creek  near: 

description WS  82,  pp  82-83 

discharge WS  82,  p  83 

discharge,  daily ws  82,  pp  84-85 

Savage  Reservoir  near: 

rainfall  data WS  97,  pp  208,  209 

Uva,  Wyo. 

Laramie  River  near: 

description Ann  18,  iv,  pp  148-149; 

Bull  131,  pp  28-29;  140,  pp  96- 
97;  WS  15,  p  82;  27,  p  76;  37, 
p  216;  49,  p  274;  99,  pp  167-168 

discharge Ann  18,  iv,  p  149; 

Bull  131,  pp28,  92;  140,  p  97;  WS15, 
p  82;  27,  p  86;  37,  p  216;  99,  p  168 

discharge,  monthly Ann  18,  iv,  p  150; 

19,  iv,  p  302;  20,  iv,  pp262, 275;  21,  iv, 
p  194;  Bull  140,  p  98;  WS  99,  p  169 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights Bull  140,  p  97; 

WS  11,  p  51;  15,  p  82;  27,  p  79; 
37,  p  217;  49,  p  274;  99,  p  168 

hydrographs Ann  18,  iv,  p  148; 

19,  iv,  p  303;  20,  iv,  p  276;  21,  iv,  p  194 

rainfall  and  run-ofT  relation Ann  20, 

iv,  p  265 

rating  tables Ann  18,  iv,  p  149; 

19,   iv,   p   302;    Bull  140,  p  97; 
WS  27,  p88;  39,  p  447;  99,  p  169 
Uva  bridge,  Wyo. 

Laramie  River  near: 

discharge Bull  131,  p  91 

Uva  Junction,  Wyo. 

North  Platte  Liver  near: 

discharge Bull  131,  p  92 

Uvalde,  Tex. 

Leona  River  near: 

description Bull  140,  p  85; 

WS  37,  pp  276-277;  50,  pp  342-343 

discharge WS  50,  p  343 

Leona  spring  near: 

description WS  50,  p  343 

V. 

Vale,  Oreg. 

Bully  Creek  near: 

description WS  100,  p  428 

discharge WS  100,  p  429 

gage  heights WS  100,  p  429 

Malheur  River  near: 

description Ann  18,  iv,  p  348; 

Bull  131,  p  68;    140,   p  242; 
WS  16,  p  169;  100,  pp  424-425 

discharge Ann  11,  ii,  p  88; 

18,  iv,  p  348;  Bull  131,  pp68,  92; 
140,  p  242;  WS  16,  p  169;  100,  p  425 

discharge,  monthly Ann  11,  ii,  p  106; 

12,  ii,  pp  358,  361;  13,  iii,  p  98; 
18,  iv,  pp  349-350;  WS  100,  p  427 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  62 

gage  heights Bull  140,  p  243; 

WS  11,  p  83;  16,  p  169;  100,  p  426 
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Vale,  Oreg.— Continued. 

Malheur  River  near— Continued. 

hydrograph Ann  12,  ii,  p  344 

rating  table Ann  18,  iv,  p  349; 

WS  100,  p  426 
Valentine,  Nebr. 

Minnechadusa  River  near: 

description "WS  37,  p  213 

discharge Ann  19,  iv,  p  300; 

20,  iv,  p  300;  WS  27,  p  88;  37,  p  213; 
39,     p    439;     66,     p    43;     84,    p    49 
Niobrara  River  near: 

description Ann  20,  iv,  p  255; 

WS  66,   p  25;    84,   p  18;  99,  p  46; 

discharge Ann  18,  iv,  p  193; 

20,  iv,  pp  255, 301;  WS66, 
p  25;   84,  p  18;   99,  p  46 

discharge,  monthly WS  84,  p  20; 

99,  p  48 

gage  heights WS  66,  p  25; 

84,  p  19;  99,  p  47 

rating  tables WS  84,  p  19;  99,  p  47 

Snake  River  near: 

discharge Ann  19,  iv,  p  300 

Valle  Cruces,  N.  C. 
Dutch  Creek  near: 

discharge WS  49,  p  215 

Valley  River  at — 
Murphy,  N.  C: 

discharge..  Ann  18,  iv,p  123;  WS98,p293 
Vance,  Cal. 

Mad  River  near: 

discharge WS  100,  p  305 

Van  Wert,  Ohio. 

rainfall  data WS  75,  p  111 

Vaquero  Creek  in — 

Salinas  River  basin,  Cal.,  at  mouth: 

discharge WS  100,  p  307 

Vaqueros  Creek,  Cal. 
reservoir  sites  on: 

description Ann  22,  iv,  p  486 

Vaughan  bridge,  Wash. 
Cedar  River  near: 

description WS  38,  p  382 

gage  heights WS  38,  p  383 

Ventura  River,  Cal. 

discharge,  low-water WS  85,  p  177 

near  Ventura,  Cal. 

discharge WS  100,  p  343 

Ventura  River,  North  Fork  of,  Cal. 

discharge,  low-water WS  85,  p  177 

Verde,  Cal. 

Dog  Greek  near: 

discharge Ann  11,  ii,  pp  65,  108; 

WS  51,  p  405 
Verde  River,  Ariz.: 

above  junction  with  Salt: 

discharge Ann  11,  ii,  pp  62,  108 

discharge,  monthly Ann  12,  iv,  p  307; 

Bull  140,  p  206 

description Ann  11,  ii,  p  61 

discharge WS  38,  p  322 

near  McDowell,  Ariz.: 

description Ann  19,  iv,  pp  420-421; 

Bull  131,  p  49;  WS  16,  p  150;  28, 
p  133;  38,  p  323;  50,  p  387;  66,  pp 
102-103;  85,  p  21;  100,  pp  31-32 


Verde  River,  Ariz.— Continued. 

near  McDowell,  Ariz. — Continued. 

discharge WS  16,  p  150; 

38,  p  323;  66,  p  103;  85, 
p  22;   100,  pp   33-34 

discharge,  monthly Ann  11,  ii,  p  100; 

19,  iv,  p  423;  20,  iv,  p  407;  21,  iv, 
p  387;  WS  75,  p  177;  100,  p  36 

discharge,  yearly Ann  20,  iv,  p  59 

gage  heights Bull  131,  p  51; 

WS  16,  p  150;  28,  pp  141,  143;  38,  p 
324;  66,  p  103;  85,  p  23;  100,  p  35 

hydrographs Ann  19,  iv,  p  423; 

20,  iv,  p  407;  21,  iv, 
p  388;  WS  75,  p  177 

rating  table Ann  19,  iv,  p  422 

near  mouth: 

discharge,  monthly Ann  18,  iv,  p  297 

hydrograph Ann  18,  iv,  p  298 

near  Phoenix,  Ariz.: 

discharge Ann  21,  iv,  pp  381,  382 

Verde  River  basin : 

.  description Ann  12,  ii,  pp  309-310 

Verdigris  Creek  near— 
Niobrara  City,  Nebr.: 

discharge WS  66,  p  43 

Verdigris  River  near— 
Catoosa,  Ind.  T.: 

description WS  99,  p  260 

gage  heights WS  99,  p  261 

Independence,  Kans.: 

discharge Ann  19,  iv,  p  369 

Liberty,  Kans.: 

curve  of  mean  velocity  of  flow. .  Ann  19, 
iv,  pp  373-374 

description Ann  18,  iv,  p  235; 

Bull  140,  p  162;  WS  16,  p 
125;  28,  p  109;  37,  pp  265- 
266;  50,  pp  330-331;  66,  p  56; 
84,  pp  116-117;  99,  pp  257-258 

discharge Ann  18,  iv,  p  235; 

19,  iv,  pp  368-369;  Bull  140, 
p  162;  WS  16,  p  125;  28,  p 
116:  37,  p  266;  50,  p  331;  66, 
p   56;    84,    p   117;     99,   p   258 

discharge,  monthly Ann  18,  iv,  p  237; 

19,  iv,  pp  370,  372;  20,  iv,  p  344; 
21,  iv,  p  237;  22,  iv,  p  345;  WS 
75,  p  148;   84,  p  118;   99,  p  260 

discharge,  yearly Ann  20,  iv,  p  57 

gage  heights Bull  140,  p  163;  WS  11, 

p  62;  16,  p  125;  28,  p  115;  37, 
p  266;  50,  p  331;  66,  p  57; 
84,   p   117;    99,  pp  258-259 

hydrographs Ann  19,  iv,  pp  370-371, 

372;  20,  iv,  p344;  22,  iv,  p  345 

rating  tables..  Ann  18,  iv,  pp  236-237;  19, 

iv,  p  369;     WS  28,  p  117; 

39,    p  450;   52,  p  518;    66, 

p  172;    84,  p  118;    99,  p  259 

Sageeyah,  Kans.: 

discharge Ann  19,  iv,  pp  369,  372 

Verdigris  River  basin: 

description Ann  19,  iv,  pp  363-368 

elevations Ann  19,  iv,  p  365 

map Ann  19,  iv,  p  364 

rainfall  and  run-off  relation . .  Ann  19,  iv,  p  365 
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Verdigris  River  basin— Continued. 

rainfall  data Ann  19,  iv,  pp  365-367, 373 

water  power Ann  19,  iv,  pp  375-376 

Vermilion  River: 

description Ann  18,  iv,  p  468 

Mississippi  River  below: 

discharge Ann  22,  iv,  p  219 

Vernal,  Utah. 

Ashley  Creek  near: 

description WS  50,  p  368;  66,  p  83; 

85,  pp  71-72;  100,  pp  121-122 

discharge WS50,p368;  66,p83; 

75,  p  170;  85,  p  72;  100,  p  122 

discharge,  monthly Ann  22,  iv, 

p365;  WS75,pl73; 
85,  p  73;   100,  p  123 

gage  heights WS  50,  p  369;  66,  p  84; 

85,p72;  100,  p  122 

hydrograph Ann  22,  iv,  p  365 

rating  tables WS  52,  p  519; 

66,  p  173;  85,  p  73;  100,  p  123 

rainfall  data Ann  20,  iv,  pp  375,  377,  379; 

21,  iv,  p320 
Vernal  Valley,  Utah. 

Ashley  Creek  and  canals  in: 

discharge Ann  22,  iv,  p  364 

canals  in: 

description Ann  21,  iv,  pp  311-313 

map Ann  21,  iv,  p  311 

Vickerys  Creek  near — 
Roswell,  On.: 

discharge WS  27,  p  45 

Victor,  Cal. 

Mohave  River  near.    See  VictorvUle. 
Victor  dam,  Cal. 

description Ann  18,  iv,  pp  708-710 

Victoria  Creek,  Xebr. 

discharge Ann  20,  iv,  p  303 

Victorville,  Cal. 

Mohave  River  near: 

description WS  39,  p  408;  51,  p  163 

66,  p  159;  85,  pp  175-1 76;  100,  p  3£ 

discharge WS  39,  p  408;  51,  p  463 

66,  p  160;  85,  p  176;  100,  p  338 

discharge,  monthly Aon 21,  iv,  |»  17:; 

22,iv,p503;  WS75,pp221- 

222;   85,  p  177;    100,  p  339 

elevation  of  surface  and  bed  rock  ...Ann 

21,  iv,  p  472 

gage  heights WS39,  p  109; 

51,  p  464;  66,  p  160 

hydrograph Ann  22  iv,  p  503 

map,  showing  borings..  Ann 21,  iv,  p  472 

rating  table WS  39,  p  408 

Victory,  Okla. 

Turkey  Creek,  near: 

discharge WS  99,  p  320 

Vining,  Ga. 

Rottonwood  Creek  near: 

discharge Ann  19,  iv,  p  240 

Vinton,  Va. 

Tinker  Creek  near: 

discharge Ann  19,  iv,  p  173 

Virginia,  Mont. 

rainfall  data Ann  13,  iii,  p  40; 

20,  iv,  pp  232,  233,  235 


Virginia  Creek  in — 
Walker  River  basin: 

discharge WS  100,  p  230 

Visage,  Ga. 

Scataway  Creek  near: 

discharge WS  49,  p  217 

Vista,  New 

Truckee  River  near: 

description WS  38,  pp  331-332; 

51,  p  404;  66,  p  113;  85,  pp 
117-118;    100,   pp  185-186 

discharge WS  38,  p  332;  51,  p  404; 

66,  p  113;  85,  p  118;  100,  p  186 

discharge,  monthly Ann  11,  ii,  p  102; 

12,  ii,  p351;  13,  iii,  p  95; 
22,  iv,  p  405;  WS  75,  p 
186;  85,  p  119;  100,  p  187 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  59 

gage  heights WS  38,  p  332; 

51,  p  405;  66,  p  114;  85, 
p  118;  100,  pp  186-187 

hydrograph Ann  12,  ii,  p  324; 

22,  iv,  p  405;  WS  75,  p  186 

rating  tables WS  52,  p  521;  66,  p  175; 

85,  p  119;  100,  p  187 
Vroomans  Creek  near- 
Rocky  Ford,  Colo.: 

discharge Bull  131,  p  90 

W. 

Wabash  River: 

description Ann  18,  iv,  pp  446-448 

elevations  along Ann  18,  iv, 

p448;  WS83,p  176 

near  Lafayette,  Ind.: 

description. . .  WS  83,  p  177;  98,  pp 220-221 

discharge WS  83,  p  1 78;  98,  p  221 

discharge,  monthly WS  83,  p  180 

gage  heights. .  WS  83,  pp  178-179;  98,  p222 
rating  table WS  83.  p  179 

near  Logansport,  Ind.: 

description WS  98,  1 1  225 

discharge WSlis,  p225 

discharge,  monthly '.  WS  98,  p  227 

gage  heights WS  98,  1 1  226 

ra  ting  table WS  98,  p  226 

near  Terre  Haute,  Ind.: 

description ws  98,  p  220 

discharge Ann  21,  iv,  p  171 

gage  heights WS  83,  p  177;  98,  p  220 

Wabash  River  basin: 

description Ann  18,  iv,  pp  446-456; 

21,  iv,  pp  170-171;  WS  83, 
pp  175-176;  98,  pp  215-216 
Wabuska,  Nev. 

Walker  River  near: 

description WS  85,  p  106;  100,  p  167 

discharge WS  85,  p  107;  100,  p  168 

discharge,  monthly WS  100,  p  169 

gage  heights WS  85,  p  107;  100,  p  168 

rating  table WS  100,  p  169 

Waco,  Tex. 

Bosque  River  near: 

description WS  66,  p  59 

discharge WS  66,  p  59 
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Waco,  Tex.— Continued, 
Brazos  River  at: 

description WS  28,  p  118; 

37,  p  272;  50,  p  333;  66,  pp  58-59; 
84,  pp  143-144;    99,  pp  325-326 

discharge WS  28,  p  129; 

37,  p  272;  50,  p  334;  66,  p  59; 
84,    pp  144,   145;  99,  p  327 

discharge,  monthly WS  75,  pp  150- 

151;  84,  pl46;  99,  p  328 

gage  heights WS  28,  p  121; 

37,  p  273;  50,  p  334:  66,  p 
59;   84,  p  145;   99,   p  327 

rating  table WS  66,  p  173; 

84,  p  146;  99,  p  328 

rainfall  data Ann  22,  iv,  pp  31,  32,  33 

Wade  Creek  in— 

Kern  River  basin,  Cal.: 

discharge WS  100,  p  307 

Wadley,  Ga. 

Ogeechee  River  near: 

discharge WS  83,  p  95 

Williamsons  Swamp  Creek  near: 

discharge WS  83,  p  95 

Wadsworth,  Nev. 

Truckee  River  near: 

description WS  100,  p  188 

discharge WS  100,  p  188 

discharge,  monthly WS  100,  p  190 

gage  heights WS  100,  pp  188-189 

rating  table WS  100,  p  189 

Winnemucca  Lake  inlet  near: 

description WS  100,  p  190 

discharge WS  100,  p  191 

discharge,  monthly WS  100,  p  192 

gage  heights WS  100,  p  191 

rating  table WS  100,  p  192 

Walden  Creek  near: 

Henderson  Springs,  Tenn.: 

discharge WS  49,  p  217 

Walker  Creek,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  215 

Walker  River,  Cal. 
below  forks: 

discharge WS  100,  p  231 

near  Lower  Mason  Valley  Bridge: 

discharge WS  100,  p  231 

near  Nordyke,  Nev.: 

description Bull  140,  pp  213-214 

discharge Bull  140,  p  214; 

WS  85,  p  125 

discharge,  monthly Bull  140,  p  25 

gage  heights Bull  140,  p  214 

near  Wabuska,  Nev.: 

description WS  85,  p  106;  100  p  167 

discharge WS  85,  p  107;  100,  p  168 

discharge,  monthly WS  100,  p  169 

gage  heights WS  85,  p  107;  100,  p  168 

rating  table WS  100,  p  169 

Walker  River  basin: 

discharge   measurements,    miscellane- 
ous   WS  85,  p  125 

Walker  River  ditches  in— 
Mason  Valley,  Nev.: 

discharge WS  100,  p  244 


Walker  River,  East  Fork  of: 

discharge WS  85,  p  125 

ditches  on,  in  California: 

discharge WS  10U,  p  239 

near  lower  end  of  Big  Meadow: 

discharge WS  100,  p  230 

near  Yerington,  Nev.; 

description .......  WS  85,  p  107;  100,  p  170 

discharge WS  85,  p  108;  100,  p  170 

discharge,  monthly WS  100,  p  172 

gage  heights..  WS85,pl08;  100,  pp  170-171 

rating  table WS  100,  p  171 

discharge WS  100,  pp  239,  243-244 

Walker  River,  West  Fork  of: 

ditches  en,  in  Mason  Valley,  Nev.: 

discharge WS  100,  p  243 

in  California  and  Nevada: 

discharge,  miscellaneous WS  85, 

p  125;  100,  p  229 
near  Colevill1,  Cal.: 

description..  WS  85,  p  108;  100,  pp  172-173 

discharge WS  85,  p  108;  100,  p  173 

discharge,  monthly WS  100,  p  174 

gage  heights WS  85,  p  108;  100,  p  173 

rating  table WS  100,  p  174 

Wallace,  Nebr. 

rainfall  data Ann  20,  iv,  pp  306,  307,  313 

Wallace,  Kans. 

rainfall  data Ann  20,  iv,  pp  306,  309,  313 

Wallagrass,  Me. 
Fish  River  near: 

description WS  97,  pp  16-17 

discharge WS  97,  p  17 

gage  heights WS  97,  p  17 

Wallawalla,  Wash. 

rainfall  data Ann  19,  iv,  p  492; 

20,  iv,  pp  512,  513,  514;  22,  iv,  pp  31,  32,  33 
Wallawalla  River  near: 

description Ann  19,  iv,  pp  490-492 

Wallawalla  and  Palouse  River  basins,  Wash.: 

rainfall  data Ann  20,  iv,  pp  512-514 

Wallawalla.  River  near- 
Milton,  Oreg.: 

description WS  100,  p  268 

discharge WS  100,  p  369 

discharge,  monthly. WS  100,  p  370 

gage  heights WS  100,  pp  369-370 

rating  table WS  100,  p  370 

Walla  Walla,  Wash.: 

description Ann  19,  iv,  pp  490-492 

Whitman,  Wash.: 

description WS  ltf, 

p  179:  28,  p  159;  38,  pp  375-376 

discharge WS  16,  p  179;  28,  p  159 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  16,  p  179; 

28,  p  166;  38,  p  376 
Walla  Walla  River,  South  Fork,  near — 
Milton,  Oreg.: 

description WS  100,  p  371 

discharge WS  100,  p  372 

gage  heights WS  100,  pp  372-373 

Wallkill  River,  N.  Y.: 
near  Newpaltz,  N.  Y.: 

description WS  65,  pp  71-72: 

82,  pp  114-115;  97,  p  139 
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Wallkill  River,  N.  Y.— Continued, 
near  Newpaltz,  N.  Y.— Continued. 

discbarge WS  65,  p  72; 

82,  p  115;  97,  pp  139-140 

discharge,  daily "WS  65,  p  73; 

97,  pp  148-150 

discharge,  monthly WS  65, 

p  74:  97,  p  151 

gage  heights "WS  65,  p  73; 

82,  pp  115,  116;  97,  pp  141-143 

rating  table "WS  97 .  pp  144-147 

near  Rockford  Bridge,  X.  Y.: 

discharge WS  47,  p  36;  65,  p  73 

water  powers WS  65,  p  7 1 

Wallowa,  Oreg. 

Wallowa  River  near.    See  Wallowa  River. 
Wallowa  Lake  outlet,  Oreg. 

Wallowa     River    near.      See   Wallowa 
River. 
Wallowa  River  near — 
Elgin,  Oreg.: 

description "WS  100,  pp  416-417 

discharge "WS  100,  p  417 

gage  heights WS  100,  p  417 

Wallowa,  Oreg.: 

description WS  100,  p  417 

discharge ws  100,  p  417 

gage  heights ws  100,  p  417 

Wallowa  Lake  nutlet,  ( >reg.: 

description WS  100,  p  418 

discharge WS  100,  p  H8 

gage  heights ws  100,  p418 

Walnut  Creek  in— 

French  Broad  River  basin: 

discharge ws  49,  p  212 

Walnut  Grove  reservoir  and  dam.  Ariz.: 

description.. Ann  13,  ii,  pp 297  302; 

18,  iv.  pp  721   722 
Walnut  River  near— 
Pendergrass,  Ga.: 

discharge ws  19,  p  207 

Walnut  River  near- 
Arkansas  City,  Kans.: 

description ws  84,  p  L19;  99,  p  261 

discharge ws  M,  p  119;  99,  p  261 

discharge,  monthly WB99,  p263 

gage  heights ws  m.  p  119;  99  p  262 

rating  table ws  99,  |  •  262 

Walter  and  McVey  Mitch  in — 
Spearfish  Valley: 

discharge ws  99,  p  136 

Walter  and  Schuler  ditch  in— 
Spearfish  Valley: 

discharge ws  99,  p  136 

Wappan  Run  in— 

Shenandoah  River  basin: 

discharge Ann  19,  iv,  p  137 

Wappinger  Creek  near— 
Wapp'inger  Falls,  N.  Y.: 

description WS  97,  1 1  L37 

discharge WS  97,  p  137 

gage  heights WS  97,  p  138 

Wapsipinicon  River: 

description WS  99,  p  1 9 

near  Independence,  Iowa: 

discharge WS  99,  p  21 


Wapsipinicon  River— Continued, 
near  Stone  City,  Iowa: 

description  . . ; WS  99,  p  19 

discharge WS  99,  p  20 

discharge,  monthly WS  99,  p  21 

gage  heights WS  99,  p  20 

rating  table WS  99,  p  20 

Warbonnet  Creek,  Nebr.: 

discharge WS  39,  p  440;  50,  p  311 

Warbonnet  Creek  and  branches,  Nebr. : 

discharge Ann  20,  iv,  p  303 

Ward  Creek  near — 
Lake  Tahoe: 

discharge WS  100,  p  232 

Sunnyside,  Cal.: 

discharge WS  51,  p  405 

Wards  Creek  in— 

Chattahoochee  River  basin,  Ga.: 

discharge "WS  49,  p  208 

Warm  Creek  in — 

Santa  Ana  River  basin,  Cal.: 

description Ann  20,  iv,  p  558 

discharge Ann  20,  iv,  p  559 

discharge,  low-water ws  28, 

p  194;  39,  pp  434-435 
Warm  River  near— 
Marysville,  Idaho: 

discharge WS  100,  p  461 

Warm  Spring  near — 
Warm  Springs,  Ga.: 

discharge Ann  19,  iv,  p240 

Warm  Spring  Run  near- 
Berkeley  Springs,  W.  Va.: 

discharge Ann  19,  iv,  p  135 

Warmsprings,  Cal. 

Santa  Ana  canal  near: 

discharge WS  28,  p  191 

discharge,  daily ws  85,  p  174 

Santa  Ana  River  near— 

description Ann  18, 

iv,  pp  411-412;  19,  iv,  p 
569;  WS  16,  p  195;  28,  pp 
L88-189;  39,  pp  418-419; 
51,  pp  475-476;  66,  p  If.:!; 
85,  pp  171-172;  100,  p  333 

discharge Ann  1 9, 

iv,  p  535;  ws  16,  p  195; 
28,  p  191;  39,  p  419;  51,  p 
476;  66,  p  163;  100,  p  334 

discharge,  daily WS  66,  p  \£4 

discharge,  low -water WS  28,  p  195 

discharge,  monthly Ann  19,  iv,  p 

570;  21,  iv,  p  484;  22,  iv, 
p  504;   WS   100,   p   335 

discharge,  yearly Ann  20,  iv,  i >  6 1 

gage  heights WS  11,  p  93; 

16,  pl96;  28,  p  L90; 
39,  p  420;  51,  p  476 

hydrographs Ann  19,  i v,  p  571 ; 

20,  iv,  p  555;    21,  iv, 
p   484;     22,  iv,  p   505 

rating  tables Ann  19,  iv,  p  569; 

WS  28."  p  191;   39,  p  419;   52,  p 
523;  85.  p  175:    100,  pp  334-335 
Santa  Ana  River  and  canal  at: 

discharge WS  66,  p  167;  8").  p  1 72 
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Warinsprings,  Cal. — Continued. 

Santa  Ana  River  and  canal  at— Continued. 

discharge,  monthl y Ann  19,  iv,  pp 

571-572;    20,  iv,  p  554; 
WS  75,  p  224;  85,  p  175 

gage  heights WS  85,  pp  173-174 

Warm  Springs,  Oreg. 
at  Road-bridge: 

discharge Ann  19,  iv,  p  498 

Warner's  ranch  reservoir,  Cal. 

San  Luis  Rey  River  at  dam  site  of: 

discharge WS  100,  p  346 

Warners  Valley,  Cal. 
dam  proposed  at: 

sections Ann  21,  iv,  pp  487-488 

Warren,  Ohio. 

Mahoning  River  near: 

discharge Ann  20,  iv,  p  198 

Warren,  Wyo. 

No  Wood  River  near: 

discharge Ann  19,  iv,  p  293 

Warrensburg,  N.  Y. 
Schroon  River  near: 

description WS  35,  p  58;  47,  p  73; 

65,  p  45;   82,  p  99;  97,  p  222 

discharge WS  47,  p  39 

discharge,  daily WS  47,  p  74; 

65,  p  46;  82,  p  100 

discharge,  high-water WS  65,  p  46 

discharge,  monthly. .  Ann 21,  iv,  pp  72-73; 
22,  iv,  pp  104-105;  WS  35, 
p  24;    65,  p   47;    82,  p   100 

hydrograph Ann  22,  i v,  p  106 

Warrington,  N.J. 

Paulinskill  River  near: 

discharge WS  82,  p  127 

Warwick  mill  race  near- 
Augusta,  Ga.: 

discharge Ann  19,  iv,  p  227 

Washington: 

reservoir  sites  in  described Ann  20,  iv, 

pp  505-508 
Washington,  D.  C. 

Potomac  River  near: 

discharge,  monthly Ann  20,  iv,  p  120 

See  also  Potomac  River  near  Chain 
Bridge, D.C., and  Great  Falls,  Md. 

rainfall  data Ann  20,  iv,  pp  117, 119, 121 

Washington,  Ga. 

rainfall  data Ann  20,  iv,  pp  158, 160, 161 

Washington  Power  Company,  at  Spokane, 
Wash. 
Spokane  River  at  dam  of: 

gage  heights WS  11,  pp  85-87 

Washita  River  near— 
Anardarko,  Okla.: 

description WS  84,  p  139;  99,  p  315 

discharge  . .'. WS  84,  p  139;  99,  p  315 

gage  heights WS  84,  p  140;  99,  p  316 

Pauls  Valley,  Ind.  T.: 

description WS  37,  p  270 

discharge WS  37,  p  270 

gage  heights WS  37,  p  271 

Washoe  Valley,  New: 

miscellaneous     stream     measure- 
ments    WS  100,  p  231 


Watauga  Falls,  N.  C. 
Watauga  River  near: 

discharge WS  49,  p  215 

Watauga  River  near — 
Butler,  Tenn.: 

description WS  48,  p  183; 

65,  p  298;  83,  p  229 

discharge WS  4s,  p  183; 

65,  p  298;  83,  p  230 

discharge,  monthly WS  83,  p  232 

gage  heights WS  48,  p  183; 

65,  p  298;  83,  pp  230-231 

rating  table "WS  83,  p  231 

Elizabethton,  Tenn.: 

description WS  98,  pp  290-291 

discharge WS  49,  p  215;  98,  p  291 

discharge,  monthly WS  98,  p  292 

gage  heights WS  98,  pp  291-292 

rating  table w WS  98,  p  292 

Shull'smill,  N.  C: 

discharge WS  49,  p  215 

Watauga  Falls,  N.  C: 

discharge WS  49,  p  215 

Watauga  River  basin: 

discharge    measurements,    miscella- 
neous    WS  49,  pp  215-216 

See  also  WS  62,  pp  77-95. 
Watauga  River,  Boone  Fork  of,  at— 
Shull'smill,  N.  G: 

discharge WS  49,  p  215 

Water  analyses: 

Ohio  and  Indiana Ann  18,  iv,  pp  495-501 

Water  Canyon,  Cal. 

discharge,  low-water WS  39,  p  436 

Water  distribution: 

methods  of Ann  13,  iii,  pp  268-281 

Water,  duty  of. 

See  Duty  of  Water. 
Wateree  River  near — 
Camden,  S.  C: 

description. . . .  WS  36,  p  123;  98,  pp  40-41 

discharge WS  98,  pp  41,  54 

gage  heights WS  98,  p  41 

See  also  Catawba. 
Waterloo,  Nebr. 

Elkhorn  River  near: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  299;  Bull  131,  p  91 
Waterloo,  S.  C. 

Saluda  River  near: 

description . .  Ann  18,  iv,  p  68;  WS  15,  p  38; 

27,  p  28;  36,  p  126;  48,  p  147; 

65,  p 250;  83,  p  84;  98,  pp  51-52 

discharge. . .  Ann  18,  iv,  p  68;  22,  iv,  p  159; 

WS  15,  p  38;  36,  p  126;  48,  p  147; 

65,    p   250;    83,    p   85;    98,  p   52 

discharge,  monthly Ann  20,  iv,  p  153; 

21,  iv,  p  129;  22,  iv,  p  159; 
WS  75,  p  61;  83,  p86;  98,  p  54 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS  11,  p  19;  15,  p  38; 

27,  p  39;  36,  p  127;  48,  p  148; 

65,  p  251;  83,  p85;  98,  pp  52-53 

hydrographs Ann  20,  iv,  p  154; 

21,  iv,  p  130;  22,  iv,  p  159;  WS  75,  p  61 
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Waterloo,  S.  C— Continued. 

Saluda  River  near— Continued. 

ratingtables WS  27,  p  46;  39,  p  444; 

52,  p  513;  65,  p  320;  83,  p  86;  98,  p53 
Water  power: 

computation   of,   by    means  of  stream 

gagings WS  47,  pp  10-15 

Water  powers  of  Alabama ws  107 

Water  powers  of  < 'olorado WS  7 1 

Water-power  streams  of  Maine. 

by  Dwight  Porter Ann  19, 

iv.  pp  34-111 
Water  power  of  Maine, 

by  a.  H.  Pressey ws  69 

Water  resources  of  the  high  plains, 

by  W.  D.  Johnson Ann  21, 

22,  iv,  pp  640-653,  iv.  pp  692-741; 
Water  resources  of  Illinois, 

by  Frank  I.everett Ann  17, 

ii.  pp695  849 
Water  resources  of  Indiana  and  <  >hio, 

by  Frank  I.eveiett Ann  Is, 

iv,  pp  U9  559 
Water  rex  ai  ree-  (Geology  and  i  of  Nebraska, 
west    oi    one    hundred    and 
third    meridian,    preliminary 
reporl  on, by  N.  II.  Darton  .  Ann  19, 
iv.  pp  719  7s:. 
Water  resources  of  a   portion  of  die  Greal 

Plains,  by  Roberl  Hay Ann  L6, 

ii.  pp 
Water  resources  of  southern  half  of  Black 
Bills  and  adjoining  regions  in 
smith  Dakota  and  Wyoming, 

by  N.  II.  Darton Ann  21, 

v,  pp  is'.-  599 
Water  rit;ht^: 

law  of Ann  13,  iii,  pp  148  151 

Waters  |  Rock  i  of  Ohio, 

by  Edward  Orton Ann  19,  iv,  pp  638  tit 

Water  storage; 

cosl  of,  table Ann  13,  iii.  p  123 

discussion  of Ann  13,  iii,  pp'-'si  325 

Water  storage  for  irrigation  on  Gila  River, 

Ariz Ann  21,  iv.  p] 

Water  supply  for  irrigation, 

by  F.  II.  New,. 11..   Ann  13,  iii,  pp  T  99 
Water  supply  of  the  public  land-, 

hy  F.  H.  Newell..  Annl6,ii,pp463  532 
Watertown,  N.  Y. 

Black    River  at    Buntingtonville  dam 
near: 

description Ws  36,  pp  19*1-19*2; 

49,  pp  236-237;  65,  pp  102-103 

discharge WS  49,  p  237;  65,  p  103 

discharge,  daily "WS  49> 

pp  237-239;  65,  p  104 

discharge,  flood WS  65,  p  105 

discharge,  monthly Ann  22,  iv.  pp 

252-253;  WS  35,  p  24;  65,  pp  104-105 

gage  heights "WS  36,  pp  192-193 

hydrograph Ann  22,  iv,  p  253 

Watertown,  S.  Dak. 

Big  Sionx  River  near: 

description WS49,p270;  66,  p  24; 

84,  p  15;  99,  pp  42-43 


Watertown,  S.  Dak.— Continued. 

Big  Sioux  River  near— Continued. 

discharge WS  19,  p  270;  84,  p  15; 

99,  p  43 

discharge,  monthly WS  99,  p  44 

gage  heights WS  49,  p  271;  66,  p  24; 

84,  pl6;  99,  pp  13-11 

rating  table WS  99,  p  44 

Waterville,  Me. 

Kennebec  Kiver  near: 

description Ann  20,  iv,  pp  64-65; 

WS  27,  p  9;  35,  p  25;  47,  p 
29;  82,  p  30;  97,  pp  48-49 

discharge Ann  19,  iv,  p  72; 

discharge,  daily "WS  27,  pp 

11-14;  35,p26;  47.  p  30; 
82,  pp   30-31;    97,  p  49 

discharge,  monthly Ann  19,  iv,  pp 

t:.  78;  20,  iv.  p  65;  21,  iv,  p  52; 
22,  iv,  p  :>7:  WS  82,  pp  31  32 

discharge,  yearly Ann  20,  iv,  p  46 

hydrographs Ann  19,  iv,  pp  72,  73,  74; 

20,  iv,  p  65;  21,  iv,  p  53;  22,  iv,  p  58 

rainfall  ami  run-off  relation Ann  19, 

iv,  p  74 
Messalunskee  River  near: 

description ws  97,  pp  56-57 

discharge,  daily WS  97,  p  57 

Waterville,  Ohio. 

Maumee   Kiver  near: 

description...  ws  27,  p  66;  36,  pp  178-179; 
49,  p  220;  65,  p313;  83,  p  239 

discharge ws  27,  p  68; 

36,  p  179;  49,  p  220 

discharge,  monthly Ann  22,  iv,  p240; 

WS  75,  p  110 

gage  heights WS  27,  p  67;  36,  p  179; 

19,  p220;  65,  pp  313,  314 

hydrograph Ann  22,  iv,  p  241 

rainfall  data Ann  22,  iv,  p240 

Waterville,  Wash. 

rainfall  data Ann  20,  iv,  pp  497,  498,  500 

Watrous,  N.  Mex. 
Mora  River  near: 

description Ann  18,  iv,  p  245; 

Bull  131,  p  40;  140,  p  168 

discharge Ann  is,  iv,  p  245; 

Bull  131,  p  92;  140,  p  168 

gage  heights Bull  140.  pp  168-169; 

WS  11,  p  64 
Watumna  ditch,  Cal.: 

discharge WS66,  p  167 

Waugh  ranch,  S.  Dak. 
Spring  Creek  near: 

discharge WS  99,  p  136 

Wauneta,  Nebr. 

Frenchman  River  near: 

description Ann  18,  iv,  p  196; 

Bull.140,  pp  131-132 

discharge Ann  18,  iv,  p  196; 

19,  iv,  p  351;  20,  iv,  p 
299;  Bull  140,  p  131; 
WS  39,  p  439;  50,  p  310 

discharge,  daily Ann  18,  iv,  p  197 

gage  heights Bull  140,  p  132 

seepage  measurements Bull  140, 

pp  347-348 
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Wauseon,  Ohio. 

rainfall  data ( WS  75,  p  111 

Wawona  Bridge,  Cal. 

South  Fork  Merced  River  near: 

discharge WS  100,  p  307 

Way,  Miss. 

Big  Black  River  near: 

discharge "WS  98,  p  297 

Waynesboro,  Ga. 
Brier  Creek  near: 

discharge WS  S3,  p  95;  98,  p  70 

Mcintosh  Creek  near: 

discharge WS  98,  p  71 

Waynoka,  Okla. 

Cimarron  River  near: 

description "WS  99,  p  '246 

gage  heights. WS  99,  p  246 

Wealdon,  N.  C. 

Roanoke  River  near: 

description WS  36,  p  108 

Weavers  Creek  near — 
Blueridge,  Ga.: 

discharge WS  49,  p  218 

Weaversford,  N.  C. 

North  Fork  of  New  River  near: 

description WS  48,  pp  179-180; 

65,  p  291;  83,  pp  194-195 

discharge WS  48,  p  180; 

65,  p  291;  83,  p  195 

discharge,  monthly WS  83,  p  197 

gage  heights.  WS  65,  p  291;  83,  pp  195-196 

ratingtable WS  83,  p  197 

Webatuck,  N.  Y. 

Tenmile  River  near: 

discharge WS  47,  p  3C;  65,  p  86 

Weber,  N.  Mex. 

Mora  River  near: 

description WS  99,  pp  247-248 

discharge "WS  99,  p  248 

gage  heights WS  99,  p  248 

Weber  River,  Utah: 

description Ann  12,  ii,  p  334;  21,  iv,  p  397 

near  Uinta,  Utah: 

description Ann  14,  ii,  p  122; 

18,  iv,  p  323;  Bull  131,  p  57;  140, 
pp  231-232;  WS  16,  p  161;  28, 
p  146;  38,  pp  337-338;  51,  p  414; 
66,  p   122;   85,   p   87;    100,   p   138 

discharge Ann  18,  iv,  p  323; 

Bull  131,  p  91;  140,  p  232;  WS  16, 
p  161;  28,  p  153;  38,  p  338;  51,  p  414; 
66,   p  122;   85,   p   87;   100,    p   139 

discharge,  monthly Ann  11,  ii,  p  103; 

12,  ii,  pp  353,  360;  13,  iii,  p  96; 
14,  iv,  pp  122-123;  18, iv, p  325; 
19,  iv,  p  440;  20,  iv,  pp  458, 466; 
21,  iv,  p  398;  22,  iv,  p  411; 
Bull  140,  p  233;  WS  75,  p  193 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  pp  60,  61 

gage  heights Bull  131,  p  58;  140,  p  233; 

WS11,  p78;  16,  pl61;  28, 
p  151;  38,  p  338;  51,  p 
415;  66,  p   122;  100,  p  139 

hydrographs Ann  12,  ii,  p  336; 

14,  ii,  p  122:  18,  iv,  p  325; 
19,  iv,  p441;  20,  iv,  p  466; 
21/ iv,  p  398;  22,  iv,  p  412 


Weber  River,  Utah— Continued, 
near  Uinta,  Utah— Continued. 

rainfall  and  run-off  relation Ann  20, 

iv,  p  459 

rating  tables Ann  18,  iv,  p  324; 

19,  iv,  p  440;  Bull  131,  p  58; 
140,  p  232;  WS28,pl54;  39, 
p  453;   52,  p  521;   66,  p  176 
Weber  River  basin: 

description Ann  22,  iv,  p  411 

Webster,  Colo. 

Halls  Gulch  at: 

discharge WS  84,  p  94 

Wehrman  Springs  in — 
Carson  Valley,  Nev.: 

discharge WS  100,  p  227 

Weir,  floating 

description Ann  19,  iv,  pp  556-557 

section Ann  19,  iv,  p  557 

Weir  formula WS  65,  p  96 

Weirs: 

engineering  features..  Ann  13,  iii,  pp  219-234 
Weirs  and  milldams: 

measurements  over,  history  of .  WS35,  pp  19-24 

Weir  tables ws  81,  pp  412-419 

Weiser,  Idaho 

Snake  River  near: 

description. .  Bull  140,  p  243 

Weiser  River  at.    See  Weiser  River. 
Weiser  River  near— 
Weiser,  Idaho: 

description Ann  18,  iv,  p352; 

19,  iv,  p  456;  21,  iv,  p  412; 
Bull  131,  p  66;  140,  pp  238-239; 
WS  16,  p  171;  28,  p  155;  38, 
pp  359-360;  51,  p  430;  66,  p 
129;  85,  pp  205-206;  100,  p  421 

discharge Ann  18,  iv,  p  353; 

Bull  131,  p  66;  140,  p  239;  WS  16, 
p  171;  28,  p  168;  38,  p  360;  51,  p 
430;  66, p 129;  85,  p  206;  100, p 422 

discharge,  flood Ann  11,  ii,  p  92 

discharge,  monthly Ann  11,  ii,  p  106; 

12,  ii,  pp  358,  361;  13,  iii,  p  98; 
18,  iv,  p  354 ;  19,  i v,  p  457;  20,  iv,  pp 
473,488;  21,iv,p413;  22,  iv,  p432; 
WS  75,  p  201,  85,  p  207;  100,  p423 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  62 

gage  heights Bull  140,  p  239;  WS  11, 

p  84;  16,  p  171;  28,  p  162; 

38,  p  360;    51,  p  430;  66, 

p  130;  85  p  206;  100,  p  422 

hydrographs.  Ann  12,  ii,  p344;  19,  iv,  p458; 

20,iv,p489:  21,iv,p413;  22,  iv,p433 

rainfall  and  run-off  relation Ann  20, 

iv,  p  474 

rating  tables Ann  18,  iv,  p  353 

19,  iv,  p  457;  WS  28,  p  170;  39,  p  454; 
62,  p  522;  66,  p  176;  fc,  p  207;  100,  p  423 
Weiser  Canyon,  Idaho: 

discharge Bull  131,  p  92 

Weiser  River  basin: 

description Ann  11,  ii,  pp  89-92 

Well  boring  and  irrigation  in  eastern  South 

Dakota  by  N.  H.  Darton..  Ann  18,  iv, 
pp  561-615 
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Well  records  in  Nebraska,  Colorado,  and 

Kansas Bull  131,  pp  92-126 

Wells,  construction  of: 

in  Southern  California  ....  WS  52,  pp  497-498 
Wells  in  Indiana: 

records  of Ann  18,  iv,  pp  487-493 

Wenaque  River  near— 
Wenaque,  N.  J.: 

description WS  97,  pp  230-231 

Pompton,  N.  J.: 

discharge WB  82,  p  127;  97,  p  231 

gage  height WS  97,  p  231 

Wenas  Creek,  Wash. 

description Ann  20,  iv,  p  504 

discharge Ann  22,  iv,  p  450; 

WS51,  p  li:; 

ditches  on,  capacity  and  discharge..  Ann  20, 

iv,  pp  504-505 

map Ann  22,  iv  p  450 

resen  oir  site  on,  map Ann  20,  iv,  p  506 

22,  iv.  p] >  449-450 
Wenatchee,  Wash. 

Wenatchee  Rivernear:  S&  Wenatchee  Elver. 
Wenatchee  River  near— 
Wenatchee,  Wash.: 

description "WS  16,  p  178 

discharge..  Ann  L9,iv,p490;  WS16,pl78 

discharge",  j  early Ann  20,  iv,  p  63 

gage  heights ws  16,  p  L78 

rating  table Ann  19,  iv,  p  190 

Wesl  Amicalo  a  Creek  at— 
Langston  Ford,  Ga.: 

discharge ws  49,  p208 

Wesl  A  - 1 1  <  reek,  Nehr.: 

discharge Ann  18,  iv,  p  L93; 

ws  39,  p  I  in:  50,  p  310 
West  Camden,  N.  V. 
Fish  Creek  at: 

discharge,  flood ws  65,  p  L08 

Wesl  <  lanada  ( !reek  Dear — 

Middlrvillr.    \.   V.: 

description ws  36,  pp  19-50; 

I7,pp  50-51;  65,  p  L65 

discharge ws  17,  p50;  65,  pp  L55  L56 

discharge,  daily ws:;:>.  p50; 

47,  pp  61  52;  65,  p  L56 

discharge,  Low  -water ws  65,  p  L57 

discharge,  monthly Ann  22,  iv,  p  92; 

WS35,  p24;  65,  p  L57 

hydrographs Ann  21,  iv, 

p67;  22,  iv,  p  93 
Twin  Rock  Bridge,  N.  Y.: 

description WS  47,  p  49; 

65,  pp  153-154;  82,  p  87;  97,  pp  196-197 

discharge WS  47,  p  39; 

65,  pl54;  82,  p  88;  97,  p  197 

discharge,  daily.  ws  97.  pp  200-203 

discharge,  flood WS  65,  p  155 

discharge,  monthly  . . .  WS  97,  pp  204-205 

gage  heights WS  47,  p  50; 

65,  p  154;  82,  p  88;  97,  p  198 

rating  table WS  97,  p  199 

Westerfield  Ford,  Tex. 

San  Marcos  River  near: 

discharge WS  84,  p  157 

Westernport,  Md. 

Georges  Creek  near: 

discharge Ann  19,  iv,  p  144 


Western  States: 

rainfall  in Ann  22,  iv,  pp  30-37 

West  field,  Tex. 

San  Marcos  River  near: 

discharge WS  28,  p  130 

West  Gallatin  River,  Mont. 

description Ann  21,  iv,  p.  184 

near  Bozeman,  Mont.: 

discharge,  monthly Ann  11,  ii,  p  93; 

12,  ii,  pp  346,  360 

hydrograph Ann  12,  i i ,  p  228 

near  Salesville,  Mont.: 

description Ann  14,  ii,  p  101; 

18,  iv,  p  124;  19,  iv,  p  275;  Bull  140, 
pp  86-87;  WS  15,  p  66;  27,  p  68;  36, 
pp  195-196;  49,  pp  260-261;  66,  pp  | 
16-17;  84,  pp  40-41;   99,  pp  126-127   * 

discharge Ann  18,  iv,  p  125; 

Bull  131,  p  90;  140,  p  86;  WS  15, 
p  66;  27,  pp  68,  74;  36,  p  196;  49, 
p261;  66,pl7;  si,  ]»  41;  99,pl27 

discharge,  monthly Ann  l  J,  ii,  p  102; 

18,  iv,  p  126;  19,  iv,  p  276;  20, 
iv,  pp  234, 241;  21,iv,p  184;  22 
iv,p280;  Bull  140,  p88;WS75, 
pp  117,  118;  84,  p  43;  99,  p  129 

discharge,  yearly Ann  20,  iv,  p 52 

gage  heights Bull  140,  p  87; 

WS  11,  p  47;  15,  p  66;  27,  p 
69;  36,  p  196;  49,  p  261;  66, 
p  17;  84,  p  42;  99,  pp  127-128 

hydrographs Ann  18,  iv,  p  126; 

19,  iv,  p  277;  20,  iv,  p  241;  21,  iv, 
p  L85;  22,  iv,  p  281;  WS  75,  p  119 

rainfall  and  iun-oiT  relation Ann 20, 

iv,  p236;  WS75,  p  118 

rating  tables Ann  is,  iv,  p  125; 

19,  iv.  p  276;  Bull  140,  p  87; 
WS  27,  p  75;  39,  p  446;  52,  p  516; 
66,  p  170;  84,  p  42;  99,  p  128 
near  Spanish  (  reek,  Mont.: 

description Bull  131,  pp  14-15 

discharge Annll,  ii,  p41 

discharge,  monthly Ann  13,  iii,  p  92 

discharge,  yearly Ann  13,  iii,  p  98 

gage  heights Bull  131,  p  16 

ra  t  i  titf  table Bull  131,  p  15 

Wesl  Bopkinton.N.  H. 
Contoooook  River  near: 

description WS  97,  p  75 

discharge ws  97,  p75 

gage  heights WS  97,  p  76 

Wesl  Middle  Creek,  Nebr.: 

discharge Ann  20,  iv,  p  303 

West  Milton,  Vt. 

Lamoille  River  at: 

description WS  97,  p  346 

discharge WS  97,  p  346 

■  litharge,  monthly WS  97,  p  348 

gage  heights WS  97,  p  347 

rating  table WS  97,  p  347 

West  Point,  Ga. 

Chattahoochee  River  near: 

description Ann  18,  iv,  pp  90-91; 

WS  15,  p  47;  27,  p  47;  36, 
pl42;  48,  p  159;  65,p270;  83, 
pp  119-120;  98,  pp  116-117 
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West  Point,  Ga.— Continued. 

Chattahoochee  River  near— Continued. 

discharge. .  Ann  18,  iv,  p  91;  19,  iv,  p  237; 
WS  15,  p  47;  27,  p  57;  36,  p  142;  48, 
p  159;  65,  p  270;  83,  p  120;  98,  p  117 

discharge,  monthly Ann  18,  iv,  p  92; 

19,  iv,  p  239;  20,  iv,  pp  180,  183; 
21,  iv,  p  141;  22,  iv,  p  192;  WS 
75,   p  80;   83,  p  121;   98,  p  119 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights "WS  11,  p  24; 

15,  p  47;  27,  p  51;  36,  p  143;  48,  p  160; 
65,  p  271;  83,  p  120;  98,  pp  117-118 

hydrographs Ann  19,  iv,  p  239; 

20,iv,pl83;21,iv,pl42; 
22,  iv,   p   192;    75,  p  80 

rainfall  and  run-off  relation Ann  20, 

iv,  p  181 
rating  tables Ann  18,  iv,  p  91; 

19,  iv,  p  238;  WS  27,  p  58;  39,  p  445; 
52,  p  514;  65,  p  322;  83,  p  121;  98,  p  118 

Chattahoochee  River  between  Oakdale 
and: 

discharge WS  36,  p  141 

Flat  Shoals  Creek  near: 

discharge : WS  49,  p  208 

West  Valley  ditch  near — 
Pecos,  Tex.: 

discharge..  WS50,p359;  66,p77;  84,pl70 
Wetumpka,  Ala. 

Coosa  River  near: 

description  .  WS  15,  p  54;  27,  p48;  36,  p  152 

discharge WS  15,  p  54 

discharge,  monthly Ann  22,  iv,  p  200 

gage  heights . : WS  15,  p  55;  27,  p  55 

rainfall  data WS  75,  pp  86,  87 

Wetzel,  Mont. 

Kennedy  Creek  near: 

description WS  100,  pp  482-483 

discharge WS  100,  p  483 

Wheatland,  Cal. 
Bear  River  near: 

discharge,  low-water WS  51,  p  480 

Wheatland,  Wyo. 
canals  near: 

description Ann  19,  i v,  pp  303-304 

map Ann  19,  iv,  p  304 

rainfall  data Ann  20,  iv,  pp  257, 258, 265 

Whippany  River  near- 
Monroe,  N.  J.: 

description WS  97,  p  235 

discharge "WS  82,  p  127 

Whippany,  N.  J.: 

discharge WS  82,  p  127 

White  Clay  Creek,  Nebr.: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  303;  WS  39,  p  440;  50,  p  311 
White  Creek,  Cal.: 

description Bull  140,  p  276 

near  base  of  foothills: 

discharge,  yearly Bull  140,  pp  311. 312 

White  Horse  Creek,  Nebr. 

discharge Ann  20,  iv,  p  303 

White  Oak  Creek  in- 
Broad  River  basin,  N.  C: 

discharge WS  49,  p  206 

Nolichucky  River  basin,  N.  C: 

discharge WS  49,  pp  212, 213 


Whitepath,  Ga. 

Briar  Creek  near: 

discharge WS  49,  p  209 

branch  of  Briar  Creek  near: 

discharge WS  49,  p  209 

White  Path  Creek  in— 

Coosa wattee  River  basin,  Ga.: 

discharge "WS  49,  p  209 

White  Pigeon,  Mich. 
Fawn  River  near: 

description WS  97,  p  461 

discharge WS  97,  p  461 

gage  heights WS  97,  p  462 

White  River,  Colo.,  near- 
Meeker: 

description WS  66,  pp  91-92: 

85,  p  50;  100,  pp  95-96 

discharge WS  50,  p  375; 

66,  p92;  85,  p  51;  100,  p  96 
discharge,  low-water. . .  Ann  22,  iv,  p  396 
discharge,  monthly.  WS  85,  p  52;  100,  p  97 

gage  heights WS  28,  p-143; 

66,  p  92;  85,  p  51;  100,  p  96 

rating  tables WS  85,  p  51;  100,  p  97 

Rangely: 

discharge WS  50,  p  375 

discharge,  low-water . . .  Ann  22,  iv,  p  396 
White  River  City: 

description Bull  140,  p  202 

discharge. .  Bull  140,  p  202;  WS  100,  p  103 

gage  heights Bull  140,  p  202 

Wilburs  Bridge: 

discharge WS  100,  p  103 

White  River,  Nebr. 

description Ann  19,  iv,  p  771; 

20,  iv,  pp  253-255 

discharge WS  39,  p  440;  84,  p  49 

discharge,  miscellaneous..  Ann  18,  iv,  p  193; 
20,  iv,  pp  303-304 
near  Crawford: 

description Ann  19,  iv,  p  298; 

WS  15,  p  79 

discharge Ann  18,  iv,  p  193; 

20,  iv,  pp  303-304;  WS  15,  p  79; 
27,  p  88;   39,  p  440;  50,  p  311 

discharge,  monthly Ann  19,  iv,  p  299 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights WS  15,  p  79 

rating  table Ann  19,  iv,  p  299 

near  Whitney: 

discharge Ann  18,  iv,  p  193; 

20,  iv,  p  303;  WS  39,  p440;  50,  p  311 
White  River  and  tributaries,  Nebr. 

discharge Ann  19,  iv,  p  771 

White  River,  Oreg. ,  near— 
Tygh: 

discharge Ann  19,  iv,  pp  495, 498 

White  River,  Vt.,  near- 
Sharon: 

description WS  97,  p  92 

discharge WS  97,  p  92 

gage  heights WS  97,  p  92 

White  River,  Wash. 

description Ann  21,  iv,  pp  436-437 

near  Buckley,  Wash.: 

description WS  38,  p  381;  51,  "p  445; 

66,  pl38;  85,  p  217;  100,  p462 
discharge WS  38,  p  381;  51,  p  446 
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White  River,  Wash.— Continued. 

near  Buckley,  Wash.— Continued. 

discharge,  monthly  —  Ann  21,  iv,  p  437 

gage  heights WS  38,  p  382; 

51,  p446;  66,  p  138;  85, 
p  218;  100,    pp  462-463 

hydrograph Ann  21,  iv,  p  437 

rating  table ws  39,  p455 

White  River  basin,  Colo.: 

description....  Ann  20.  iv,  p383;  ws  r,6,  p  91 
White  River  basin,  Nebr.: 

irrigation  in Ann  19,  iv,  pp  775-777 

White  River  City,  Colo. 
Piciance  Creek  near: 

discharge WS  50.  p  375 

discharge,  low-water  . . .  Ann  22,  iv,  p  396 
White  River  near: 

description Bull  140,  p  202 

discharge Bull  140,  p  202; 

WS  100,  p  103 

gage  heights Bull  140.  p  202 

White  River,  Easl  Branch,  [nd.: 

description Ann  is,  iv,  pp  453-455 

Shoals,  [nd.: 

description WS  98,  pp  216-217 

discharge WS  98,  p217 

discharge,  monthly WS  98,  p218 

gage  heights WB98,  p217 

ra'tingtable WS  98.  p  218 

White  River,  North  Fork,  near— 
Buford,  Colo.: 

description ws  100,  pp99-100 

discharge WB100,  p  LOO 

discharge,  monthly ws  100,  p  L01 

gage  heights ws  L00,  p  LOO 

rating  table WS  100.  p  100 

Whin-  River,  South  Fork,  near— 
Buford,  Colo.: 

description ws  100,  pp  97-98 

discharge ws  100,  p98 

discharge,  monthly ws  L00,  p99 

gage  heights ws  LOO,  p  98 

ratingtable ws  100,  p99 

White  River  (Wesl  Branch  .  [nd.: 

description Ann  18,  iv.  pp  151    I  >8 

near  Indianapolis,  [nd.: 

discharge WS  98,  p  227 

Whiterocks,  Utah 

Uinta  River  near: 

description WS  37,  pp  288-289; 

50,  p869;  66,  p  84;  85, 
p  65;   ion.  pp  L16  L17 

discharge ws  37,  p  289; 

50,  p369;  66,  p  84;  85, 
pp   65-66;    100,   p   117 

discharge,  monthly Ann  22,  iv  p  :;7-~>: 

WS  7."..  p  L85;  85,  p  68;  100,  p  118 

gage  heights WS  85,  p  67;  100,  p  lis 

rating  tables WS  52,  p  519;  66,  p  173 

Whiterocks  River  near.    Set  Whiterocks 
River. 
Whiterocks  River,  Utah 

discharge Ann  22,  iv,  p  387 

in  canyon: 

discharge Ann  21,  iv,  pp  322,  323 

discharge,  monthly Ann  21,  iv,  p  324 


Whiterocks  River,  Utah— Continued, 
in  Uinta  Indian  reservation: 

discharge Ann  21,  iv,  pp  322,  323 

near  Whiterocks,  Utah: 

description WS  37,  pp  289-290;  50,  pp 

369-370;  66,  p  85;  85,  p  68;  100,  p  119 

discharge WS  37,  p  290;  50,  p  370: 

66,  p  85;  85,  pp  69-70;  100,  pp  119-120 

discharge,  monthly Ann  22,  iv,  p  375; 

WS  75,  p  165;  85,  p  71:  100,  p  121 

gage  heights "WS  85,  p  70;  100,  p  120 

rating  tables WS  52,  p  519;  a\,  p  173 

Whites  Creek  in— 

Truckee  Meadows,  Nev: 

discharge WS  100,  p  231 

White's  ranch,  Ariz. 

Florence  canal  near: 

discharge WS  28,  p  142 

White  Sulphur  Springs,  W.  Va. 

rainfall  data Ann  20,  iv,  pp  199,  201,  202 

White  Tail  Creek,  Nebr. 

discharge Ann  20,  iv,  p  303;  WS  84,  p  93 

White  Top  Creek,  Va.,  in- 
South  Fork  Holston  River  basin: 

discharge WS  49,  p  214 

Whitewater.  Colo. 

Gunnison  River  near: 

description Bull  140,  p  189;  WS  16, 

p  140;  66,  p  94;  85,  p  42;  100,  pp  64-65 

discharge WS85,  p  43;  100,  p  65 

discharge,  monthly,  ws  86,  p  44;  I00,*p67 

gage  heights ws  16,  p  140; 

66,  p  95;  85,  p  43;  LOO,  p  66 

rating  tables WS  85,  p  44;  100,  p  66 

Whitewater  River,  Cal.: 

description Ann  20,  iv,  pp  661-562 

discharge Bull  140,  p  318 

discharge,  low-water WS  28,  p  L96; 

39,  p  436 
Whitewater  River  system: 

description Ann  18,  iv,  pp  456-457 

Whitlows  ranch,  Ariz. 
Queen  <  reek  near: 

description Ann  is,  iv,  pp  292-293; 

L9,  iv,  p  417;  WS  38,  p  320 

discharge Ann  IS,  iv,  pp  293-294; 

19,  iv,  pp  417-418;  WS  38,  p  320 

discharge,  monthly Ann  18,  iv,  p  295; 

21,  iv,  p384 

discharge,  yearly Ann  21,  iv,  p  385 

hydrograph Ann  IS,  iv,  p  295 

Whitlow  reservoir  site  on— 
Queen  Creek,  Ariz.: 

description Ann  18,  iv,  pp  295-297 

map Ann  is,  iv,  p  294 

Whitman,  Wash. 

Wallawalla  River  near: 

description  WS  16,  p  179; 

28,  p  159;  38,  pp  375-376 

discharge ws  16,  p  179;  28,  p  159 

discharge,  yearly Ann  20,  iv,  p  63 

gage  heights WS  16,  p  179; 

28,  p  166;  38,  p  376 
Whitmire,  S.  C. 

Enoree  River  near: 

discharge WS  98,  pp  55-56 
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Whitney,  Nebr. 

White  River  near: 

discharge Ann  18,  iv,  p  193; 

20  iv,  p  303;  WS  39,  p  440;  50,  p  311 
Whitney  Creek.    See  Oak  Orchard  Creek. 
Whitney ville,  Me. 

Macnias  River  near: 

description WS  97,  p  24 

discharge ws  97,  p  24 

gage  heights , WS  97,  p  24 

Wichita  Mountains: 
springs  in: 

discharge WS  99,  p  321 

Wrideinouth  Creek  in — 
James  River  basin: 

discharge Ann  19,  iv,  p  170 

Wilber,  Nebr. 

Big  Blue  River  near: 

discharge WS  50,  p  310 

Wilburs  Bridge,  Colo. 
White  River  near: 

discharge WS  100,  p  103 

Wilcox,  Ariz. 

rainfall  data Ann  12,  ii,  p  300,  307; 

21,  iv,  p349 
Wildcat  Creek  in — 

Wabash  River  basin: 

description Ann  18,  iv,  p  451 

Wild  Horse  Creek,  Colo, 
at  mouth: 

discharge WS  99,  p  310 

Wilford,  Idaho 

Teton  River  near: 

description Ann  14,  ii,  p  127 

discharge,  monthly Ann  14,  ii, 

pp  127-128 

discharge,  yearly Ann  20,  iv,  p  01 

hydrograph Ann  14,  ii,  p  127 

Wilkesbarre,  Pa. 

North  Branch  of  Susquehanna  River  near: 

description WS  35,  pp  75-76; 

48,   p  110;  65,  p  220;  82, 
pp  152-153;  97,  pp  285-286 

discharge WS  35,  p  76; 

48,  p  110;  65,  p  220;  82,  p  153;  97,  p  287 

discharge,  monthly Ann  21,  iv,  p  88; 

22,  iv,  p  125;  WS  82,  p  155;  97,  p  289 

gage  heights WS  35,  p  77;  48,  p  110; 

65,  p  220;  82,  p  154;  97,  p  287 
hydrographs Ann  21,  iv,  p  88; 

22,  iv,  p  125 

rainfall  data WS  97,  p  289 

rating  tables "WS  39,  p  442; 

52,  p  511;  82,  p  154;  97,  p  288 
Wilkesboro,  N.  C. 

Yadkin  River  near: 

discharge WS  49,  p  203 

Williamsburg,  Tenn. 

Cumberland  River  near: 

discharge WS  98,  p  254 

Williams  Fork  near- 
Hamilton,  Colo.: 

discharge WS  28,  p  143;  50,  ]»  375; 

66  p  98;  85,  p  77;  100,  p  103 
discharge,  low-water Ann  22,  iv,  p  396 


Williamsons  Swamp  Creek  near — 
Davisboro,  Ga.: 

description WS  98,  pp  76-77 

discharge WS  98,  p  77 

discharge,  monthly WS  98,  p  79 

gage  heights WS  98,  p  78 

rating  table WS  98,  p  78 

Wadley,  Ga. : 

discharge WS  83,  p  95 

Williamsons  Swamp  Creek,  North  Prong,  near — 
Sandersville,  Ga.: 

discharge WS  98,  p  80 

Williamsons  Swamp  Creek,  West  Prong,  near— 
Sandersville,  Ga.: 

discharge WS  98,  p  80 

Williamsport,  Pa. 

West  Branch  Susquehanna  River  near: 

description WS  65,  p  221; 

82,  p  158;  97,  |>  279 

discharge WS  65,  p  221; 

82,  p  158;  97,  p  280 

discharge,  monthly WS  97,  p  282 

gage  heights WS  65,  pp  222-225; 

82,  p  158;  97,  p  280 

rating  table WS  97,  p  281 

Williamstown,  N.  Y. 
Pish  Creek  near: 

discharge,  flood WS  65,  p  108 

Willis  Ferry,  (la. 

Oconee  River  near: 

discharge WS  65,  p  262 

Willis  River  in— 

James  River  basin: 

discharge Ann  19,  iv,  p  171 

Willow  Creek  in  Susan  River  basin,  Cal. 
near  Merrillville: 

discharge WS  100,  p  306 

near  Standish,  Cal.: 

description WS  51,  p  407;  66,  p  115 

discharge WS  51,  p  407 

gage  heights WS  51,  p  407;  66,  p  115 

Willow  Creek,  Colo.,  in- 
Grand  River  basin: 

discharge WS  100,  p  95 

Willow  Creek,  Idaho,  near- 
Prospect: 

description WS  100,  p  448 

discharge WS  100,  p  449 

gage  heights WS  100,  p  449 

Willow  Creek,  Wyo. 

near  mouth,  discharge Bull  131,  p  91 

Willow  Glen,  N.  Y. 

Skaneateles  Lake  outlet  near:  • 

description...  WS  82,  p  67;  97,  pp  395-396 

discharge WS  65,  p  121 

discharge,  daily WS  65,  pp  118-119, 

123-126;  82,  p  67;  97,  p  396 
discharge,  monthly. . .  WS  65,  pp  122, 127, 
128;  82,  p  68;  97,  p  397 
Willow  Island,  111. 

Illinois  River  near: 

discharge Ann  21,  iv,  p  176 

Wills  Creek  near- 
Cumberland,  Md.; 

discharge..  Ann  19,  iv,  p  145;  WS  27, p24 
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Wilscots,  Ga. 

Wilscots  Creek  near: 

discharge WS  49,  p  218 

Wilson,  H.  M.,  papers  by: 

american  irrigation  engineering Ana  13, 

iii,  pp  101-349 

engineering  results  of  irrigation  survey.  Ann 

13,  iii,  pp  351-427 

irrigation  in  India Ann  12,  ii,  pp  363-561 

Wilson  Creek,  N.  C,  in— 
Catawba  River  basin: 

discharge WS  49,  p  205 

Wilson  Creek,  Tenn.,  in— 
Watauga  River  basin: 

discharge ws  49,  p  216 

Wilson  Creek,  Va.,  in- 
New  River  basin: 

discharge WS  19,  p  210 

Wilsons  Dam,  N".  Y. 

Kinderhook  Creek  near: 

description "WS  65,  p  54 

discharge,  daily WS  65,  pp  56,57 

discharge,  monthly ws  65,  pp  55,57 

Winchester,  N.  11. 

Ashuelot  River  near: 

description WS  97,  p  93 

discharge WS97.  p  93 

gage  heights WS  97,  p  93 

Windmill  irrigation  in  Nebraska.  Ann  19,  iv,  p  780 
Wind  River  near — 
Merrin-,  Wyo.: 

discharge Bull  131,  p  91 

Wing,  N.  C. 

Snow  Creek  near: 

discharge WS  49,  p213 

Winnibigoshish  Lake 

Mississippi  River  below: 

discharge Ann  22,  iv.  p  119 

Winneconne,  Wis. 
Wolf  River  near: 

description ws  83,  p  300;  97.  p  170 

discharge WS83,  p  300;  97,  p  170 

heights..  WS83,p300;  97,pp  171-472 
Winnemucca  Lake  Inlet  near— 
Wadsworth,  Nev.: 

description WS  100,  p  L90 

discharge ws  100,  p  191 

discharge,  monthly ws  100,  p  L92 

gage  heights WS100,  p  19] 

rating  table WS  100,  p  192 

Winooski,  Yt. 

Winooski  River  at.     See  Winooski  River. 
Winooski  River  near- 
Richmond,  Yt.: 

description ws  97,  p  348 

discharge WS  97,  p  348 

discharge,  monthly ws  97.  p350 

gage  heights WS  97,  p  349 

rating  table WS  97,  p  349 

Winooski,  Yt.: 

description ws  97,  p  350 

discharge ws  97,  p  351 

discharge,  monthly ws  97,  p  352 

gage  heights WS  97.  p  351 

rating  table WS  97,  p  352 

Win-ton,  Colo. 

Elk  Creek  near: 

discharge WS  84,  p  94 


Winters,  Cal. 

Put  ah  Creek  near: 

discharge,  low-water...  Ann  22,  iv,  p  495 
Wisconsin  River  near- 
Merrill,  Wis.: 

description  . .  WS  83,  p  170;  98,  pp  190-191 

discharge WS  83,  p  170:  98,  p  191 

gage  heights WS  83,  p  170;  98,  p  192 

Muscoda,  Wis  : 

description WS  83,  p  168;  98,  p  185 

discharge WS  83,  p  169;  98,  p  186 

gage  heights WS  83,  p  169;  98,  p  L86 

Necedah,  Wis.: 

description WS  83,  p  169;  98,  p  187 

discharge ws  83,  p  169;  98,  p  188 

discharge,  monthly ws  98,  p  190 

gage  heights WS  83,  p  169; 

98,  pp  188-189 

rating  table WS  98,  pp  189-190 

Wisconsin  River  basin: 

description ws  83,  p  168;  98,  p  185 

Wissahickon  Creek  near- 
Philadelphia,  Pa.: 

description Ann  20,  iv,  pp  94-95; 

WS  35,  p  74;  48,  p  107; 
65,   p  218;    82,   p  137 

discharge, daily WS35,  p  74; 

18,  pp  107-109;  65,  p  218;  82,  p  138 

discharge,  monthly Ann  20,  iv,  p  95; 

21,  iv.  |'  81;  22,  iv,  p  124;  WS  75,  p  30 

discharge,  J  early Ann  20,  iv,  p  48 

hydrographs Ann  20,  iv,  p  96; 

21,  iv,  p82;  22,  iv.  p  121 
Wolf  <'reek,  Ga.,  near— 
Caldwell: 

discharge ws  49,  p  217 

Wdli"  Creek,  Wyo.,  at— 
Canyon  Bridge: 

discharge Bull  131,  p  91 

Wolf  Creek,  Va.,  in- 
South  Fork  llolsion  River  basin: 

discharge WS49,  p  214 

Wolf  River  near— 

Winneconne,  Wis.: 

description ws  83,  p  300;  97,  p  470 

discharge WS83,  p300;  97,  p  470 

gage  heights WS  83,  p  300; 

97,  pp  471-472 
Woodbury,  Ga. 

Flint  River  near: 

description ws  48,  pp  157-158; 

65,  pp  265-268;  83,  p 
117;   98,  pp  113-114 

discharge. Ann  19,  iv,  p  240;  WS  48, 

p  158;  65,  p  266;  83,  p  118;  98,  p  114 

discharge,  monthly  ...  Ann  22,  iv,  p  190; 

WS  75,  p  78;  83,  p  119;  98,  p  116 

gage  heights WS  48,  p  158;  65,  p  266; 

98,  p  115 

hydrograph Ann  22,  iv,  p  190 

rating  tables WS  52,  p  513; 

65,  p  321;  83,  p  119;  98,  p  115 
Wooden  Spring  Branch,  Nebr.: 

discharge WS  39,  p  440 

Woodfords,  Cal. 

West  Fork  of  Carson  River  near: 

description WS  51.  p  400;  66,  p  109; 

85,  pp  113-114;  10C,  p  180 
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Wood  fords,  Cal. — Continued. 

West  Fork  of  Carson  River  near— Continued. 

discharge WS  66,  p  109; 

85,  p  114;  100,  p  181 

discharge,  monthly Ann  11,  ii, 

pl02;  12,  ii,  pp  351, 360;  13,  iii, 
p  96;  14,  ii,  p  118;  WS  75, 
p  188;   85,    p   115;    100,  p   182 

discharge,  yearly Ann  13,  iii,  p  99; 

20,  iv,  p  59 

gage  heights WS  51,  p  401; 

66,  p  110;  85,  p  114;  100,  p  181 

rating  tables WS  66,  p  175; 

85,  p  115;  100,  p  182 
Woodlands: 

description Ann  22,  iv,  pp  40-42 

map Ann  22,  iv,  p  41 

Woodlands,  Cal. 

Cache  Creek  near: 

discharge WS  85,  p  157 

Wood  River.    See   Malade    River;    Little  Wood 

River. 
Wood  River,  Nebr.: 

discharge WS  84,  p  93 

near  Glenwood,  Nebr.: 

discharge Ann  20,  iv,  p  303 

Wood  River,  Idaho,  near — 
Hailey : 

discharge,  monthly Ann  11,  ii,  p  106 

Woods  Landing,  Wyo. 
Laramie  River  near: 

description Ann  18,  iv,  pp  145-146 

Bull  131,  p  28;  140,  pp  95- 

96;  WS  15,  p  81;  27,  p  76 

37,  pp  214-215;   49,  p  273 

discharge Ann  13,  iii,  p  79 

18,  iv,  p  147;  Bull  131,  pp  28 
91,  92;  140,  p  96;  WS  15,  p  81 
27,  p  86;  37,  p  215;  49,  p  273 

discharge,  monthly Ann  18,  iv,  p  147 

19,  iv,  p  301;  20,  iv,  pp  262, 
274;  21,  iv,  p  193;  22,  iv,  p  307 

discharge,  yearly Ann  20,  iv,  p  54 

gage  heights Bull  140,  p  96; 

WSll,p50;  15,p81;  27, 
p  78;  37,  p  216;  49,  p  274 

hydrographs Annl8,iv,  p  148; 

19,  iv,  p303;  20,  iv,  p  274; 

21,  iv,  p  193;  22,  iv,  p  307 
rainfall  and  run-off  relation Ann  20, 

iv,  p  265 

rating  tables Ann  18,  iv, 

p  147;  19,iv,p301;  WS27, 
p  88;  39,  p  447;  52,  p  516 
Woodstock,  Md. 

Patapsco  River  near: 

description Ann  18,  iv,  p  16; 

22,  iv,  p  130;  WS  15,  p  13; 
27,  p  10;  35,  p  83;  48,  p  115; 
65,  p 228;  82,  p  165;  97,  p  303 

discharge Ann  18,  iv,  p  17; 

V/S 15,  p  13;  27,  p  23; 
35,  p  83;  48,  p  115;  65,  p 
228;  82,  p  165;  97,  p  303 
discharge,  monthly.  ...  Ann  18,  iv,  p  17; 
19,  iv,  p  130;  20,  iv,pp 
113,  115;  21,  iv,  p  94; 
22,  iv,  p  130;  WS  75, 
p  33;  82,  p  167;  97,  p  305 


Woodstock,  Md. — Continued. 

Patapsco  River  near — Continued. 

discharge,  yearly Ann  20,  iv,  p  48 

gage  heights WS  11,  p  8; 

15,  p  13;  27,  p  18;  35,  p  83;  48,  p 
115;  65,  p  228;  82,  p  166;  97,  p  304 

hydrographs Ann  19,  iv,  p  130; 

20,  iv,  p  115;  22,  iv,  p  131 

rating  tables Ann  18,  iv,  p  17; 

19,  iv,  pl29;  WS  27.  p  24; 
39,  p  442;  52,  p  511;  65, 
p  318;  82,  p  166;  97,  p  304 

rainfall  data Ann  20,  iv,  pp  112,  113,  114 

Woodstock,  Va. 

rainfall  data Ann  21,  iv,  pp  117,  119,  121 

Woodward,  Okla. 

North  Fork  Canadian  River  near: 

description WS  99,  p  245 

gage  heights WS  99,  p  246 

Workman,  Cal. 

Rio  Hondo  near: 

discharge WS  100,  p  350 

Worley  Creek  in— 

Coosawattee  River  basin,  Ga.: 

discharge WS  49,  p  209 

Wreck  Island  Creek  in — 
James  River  basin: 

discharge Ann  19,  iv,  p  170 

Wrightstown,  Wis. 
Fox  River  near: 

description..  WS  83,  p  299;  97,  pp  466-467 

discharge WS  83,  p  299;  97,  p  467 

gage  heights WS  83,  p  299^ 

97,  pp  468-469 
Wymore,  Nebr. 

Big  Blue  River  near: 

discharge WS  66,  p  43;  84,  p  112 

Wyoming  Development  Co.'s  canal,  Wyo.: 

engineering  features..  Ann  13,  iii,  pp  181-183 
Wytheville,  Va. 

rainfall  data Ann  20,  iv,  pp  199,  201,  202 

X. 

X  Y  canal,  Colo.: 

discharge WS  99,  p  310 

Y. 

Yadkin  (Pedee)  River,  N.  C: 

description Ann  21,  iv,  p  120 

discharge,  miscellaneous..  WS  49,  pp  203-204 

Narrows  of: 

description Ann  19,  iv,  pp  194-195 

near  Cheraw,  S.  C. : 

description ws  36,  pp  117-118 

near  Holtsburg,  N.  C: 

description Bull  140,  p  70 

discharge Bull  140,  p  70 

gage  heights Bull  140,  p  71 

near  North  Wilkesboro,  N.  C: 

description WS  98,  p  35 

discharge WS  98,  p  36 

discharge,  monthly WS  98,  p  37 

gage  heights WS  98,  p  36-37 

rating  table WS  98,  p  37 

near  Norwood,  N.  C: 

description . .  Ann  18,  iv,  p  60;  WS  15  p  33; 
27,  p  26;  36,  pp  118-119;  48,  p  140 
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Yadkin  (Pedee)  River,  N.  C— Continued, 
near  Norwood,  N.  C— Continued. 

discharge.. .  Ann  18,  iv,  p  60;  19,  iv,  p  202; 
WS15,  p33;  27,  p  44:  36,  p  118 

discharge,  minimum WS36,  p  L19 

discharge,  monthly Ann  18,  iv,  p  61; 

19,  iv,  p203;  20,  iv,  p  147;  21,  iv,  p  121 

discharge,  yearly Ann  20,  iv,  p  50 

gage  heights WS11,  p,16;  15,p  33; 

•_'7,  p37;  36,  pll9 

hydrographs Ann  19,  iv,  p  204; 

20,  iv,  p  14s;  21,  iv,  p  122 

rating  tables Ann  18,  iv,  p  60; 

19,  iv,  p  203;  WS  Si,  p  443 
near  Rockingham,  X.  ('.: 

discharge ws  mi.  p  68 

iirai'  Salisbury,  N.  ('.: 

description Ann  18,  iv,  p  ,">7; 

WS  15.  p  32;  27,  p  26;  36,  pp 
116-117;  48,  pp  139-140;  66, 
p  246;  83,  pp  61  -62;  98,  p  32 

discharge Ann  is,  iv,  p  58; 

WS  15,p32;  27, p  14;  36, p  117.  18, p 
llii;  65,  p246;  83,  pp  62,  64;  98,p33 

discharge,  minimum ws  36,  p  1 1'.' 

discharge,  monthly Ann  is,  iv,  p59; 

!9,iV,p201;  21.  iv,  p  12(1.  22.  Iv,  |> 
156;  ws  75,  p  -"-7;  83,  p  64;  98,  p34 

discharge,  yearly Ann 20,  iv.  p  50 

gage  heights ws  n.  p  17; 

15,p  32;  27,p36;  36,  p  117;   I8,p 
l  in;  65,  p  246;  83,  p  63;  98,  p  33 

hydrog  raphs Ann  18,  iv,  p  59; 

19,  i\.  p  201;  21'.  iv.  p  1  17;  21.  iv, 
p  121;  22,  iv.  p   156;  WS  7.".,  p  57 

rating  tables Ann  18,  iv,  p  58; 

19.  iv.  p  200;  WS  39,  p  143;  52, 
P  512;  65,  p320;  83,  p63;  98,  p34 
near  Siloam,  N.  <'.: 

description WS48,  pp 

65,  p  245;  B3,  pp  64  65 

discharge ws  is,  p  p;<.i: 

65   |'  245;  s;;,  ,,  65 

discharge,  monthly ws  83,  p  68 

gage  heights ws  is,  p  139; 

65,  p  21.".;  83,  pp 

rainfall  .lata WS  s:;.  ,,  68 

rating  table WS  83,  p  67 

near  Wilkesboro,  X.  <".: 

discharge .' —  ws  49,  p  208 

shoals  in: 

description Ann  19,  iv,  pp  195  197 

Yadkin  |  Pedee)  River  basin: 

description Ann  p.'.  i\.  p  194; 

WSs::.  pp  60  61;  98,  pp  30-32 

waterpowers Ann  19,  iv,  pp  194  200 

S«e(if«/Wsr.:;.  pp  158-169. 
Yahoola  ditch  near— 
Dahlonega,  Ga.: 

discharge..  Ann  19,  iv,p240;  WS  19, p 208 
Yakima,  Wash. 

Yakima  River  near.    Set  Yakima  River 
at  Union  (lap. 
Yakima  County,  Wash. 
reservoir  sites  in: 

description Ann  20,  iv,  pp  505-  508 


Yakima  River  near— 
Kiona,  Wash.: 

description Ann  18,  iv,  p  358; 

19,  iv,  p481;  Bull  110,  p248; 
WS16,  p  176;  28,  p  159;  38, 
p  375;  51,  p  442;  66,  p  136; 
85,    p    186;    100,    pp   373-374 

discharge Ann  IS,  iv,  p  358; 

19,  iv,pl83;  Bull  140,  p 248;  WSltl, 
p  176;  28,  p  169;  38,  p  375;  51,  p 
442;  66,  p  136;  85,  p  186;  100,  p  374 

discharge,  monthly Ann  is,  iv,  p  359; 

19,  iv,  p  485;  20,  iv,  pp499,  502; 
21,  iv.  p  128;  22,  iv,  p  448;  WS 
75,  p  203:  85,  p  188;  100,  p  375 

discharge,  yearly Ann  20,  iv,  p62 

gage  heights Bull  140,  p  249; 

WS  11,  p  S3;  16,  p  176;  28, 
P  165;  38,  p375;  51.  p  143;  66, 
p  136;   85,  p  187;  100,  p  374 

hydrographs Ann  19,  iv,  p  186; 

20,  iv.  p502;  21,  Lv,p429; 
22.  iv,  pi  IS;  WS75,  p203 

rainfall  and  run-off  relation Ann  20, 

iv,  p  500 

rating  tables Ann  18,  iv,  p  359; 

19.  iv,  p  484;  WS2S,  pi  70; 
39.  p  454;  52,  p  522;  66,  p 
177;  85,  l'  187;  loo,  p  375 
Pake  Keeehelns.  Wash.: 

description ws  100,  p  386 

discharge ws  loo,  p  :;.s<> 

North  Yakima,  Wash.    Set  Union  Gap. 
Selah,  Wash.: 

description Ann  19,  iv, 

p  177;  WS  16,  p  173 

discharge •. ws  16,  p  173 

discharge,  monthly Ann  19,  iv, 

I'   17s;   20.   iv,  p   199 

discharge,  yearly Ann  20,  iv,  p  62 

gage  heights ws  16,  p  173 

hydrograph Ann  19,  iv,  p  179 

luting  table Anil  19,  iv,  p  178 

Onion  Gap,  Wash.: 

description Ann  14,  ii,  ppl33- 

131;  IS.  iv,  pp  356-357;  19,  iv,  p  179; 
Bull  110,  pp  215-216;  WS  16,  p  175; 
28,  p  159;  38,  pp  373-374;  51,  p  111;  66, 
P  135;   85,  pp  188-189;   100,  pp  376-377 

discharge Ann  14,  ii, 

p  131;  is,  iv.  p357;  19,  iv,  p  480; 
Bull  131,  pp90,  92;  140,  p246;  WS 
16,  p  175;  28,  p  169;  38,  p  374; 
51,  p   441;  85,  p  189;  100,  p  377 

discharge,  monthly Ann  IS,  iv,  p358; 

19,  iv,  ]»  ISO;  20,  iv,  pp  499,  500; 
21.  iv,  ].  127;  22,  iv,  p  447:  WS 
I.  75,  202;  85,  p  190;  100,  p  378 

discharge,  yearly... Ann  20,  iv,  p  62 

gageheights Bull  140,  p  247;  WS  11, 

p  85;  16,  p  175;  28,  p  165; 
38,  p  374;  51,  p  442;  66, 
p  135;  85,  p  189;  100,  p  377 

hydrographs Ann  19,  iv,  pp  480,  481; 

20,  iv,  p  501;  21,  iv,  p  428;  22,  iv,  p  447 
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Yakima  River  near — Continued. 
Union  Gap,  Wash.— Continued. 

rainfall  and  run-off  relation. .  Ann  20,  iv, 

p500 

rating  tables Ann  18,  iv,  p  357; 

19,  iv,  p  479;  WS  28,  p  170;  39,  p  454; 
52,  p  522;  66,  p  177;  85,  p  190;  100,  p  378 
Yakima,  Wash.    See  Union  Gap. 
Yakima  River  basin,  Wash.: 

artesian  wells Ann  19,  iv,  pp  467-468 

canals  and  ditches  in: 

description Ann  19,  iv,  pp  461-467 

description Ann  14,  ii,  pp  132-134; 

19,  iv,  p461;  21,  iv,  p  427;  22, 
iv,  p  446;  Bull  140,  pp  243-244 

map Ann  19,  iv,  p  462 

rainfall  and  river  stations,  map Ann  20, 

iv,  p  497 

rainfall  data Ann  20,  iv,  pp  496-500 

seepage  measurements.  Ann  19,  iv,  pp  469-473 
Yampa,  Colo. 

Hunt  Creek  near: 

discharge WS  66,  p  98 

Yampa  River  near — 
Craig,  Colo.: 

description "WS  66,  p  90;  85,  p  74 

discharge "WS  28,  p  143; 

50,  p  375;  66,  p  90; 
85,  p  74;  100,  p  103 

discharge,  low-water Ann  22,  iv,  p  396 

discharge,  monthly "WS  85,  p  75 

gage  heights "WS  66,  p  91;  85,  p  74 

rating  table "WS  85,  p  75 

Hayden,  Colo.: 

discharge "WS  28,  p  143 

Lily  Park,  Colo.: 

discharge "WS  50,  p  375 

discharge,  low-water  . . .  Ann  22,  iv,  p  395 
Maybell,  Colo.: 

discharge "WS  28,  p  143 

Steamboat  Springs,  Colo.: 

discharge "WS  28,  p  143; 

85,  p  77;  100,  p  103 
Thornburg  bridge,  Colo.: 

discharge "WS  50,  p  375 

Yampa,  Colo.: 

discharge "WS  66,  p  98 

Yampa  River  basin: 

description Ann  20,  iv,  pp  383-387; 

WS  66,  pp  89-90 
Yampa  River,  North  Fork  at— 
Yampa,  Colo.: 

discharge WS  66,  p  98 

Yampa  River,  Roaring  Fork  of,  near- 
Lower  Stillwater,  Colo.: 

discharge WS  100,  p  103 

Yampa  River,  South  Fork,  near — 
Yampa,  Colo.: 

discharge WS  66,  p  98 

Yantic,  Mont. 

Fort  Belknap  canal  near: 

description WS  99,  pp  107-108 

discharge WS  99,  p  108 

gage  heights WS  99,  p  108 

Yazoo  City,  Miss. 

Yazoo  River  at WS  65,  p  287 

See  Yazoo  River  at. 


Yazoo  River  near — 
Yazoo  City,  Miss.: 

description WS  65,  p  287; 

83,  p  236;  98,  pp  294-295 

discharge WS  65,  p  288 

83,  p  236;  98,  p  295 

discharge,  monthly WS  83,  p  238; 

98,  p  297 

gage  heights WS  65,  p  288; 

83,  p  237;  98,  p  295 

rating  tables WS  83,  p  237;  98,  p  296 

Yazoo  River  basin: 

description WS  83,  p  235;  98,  p  294 

Yellow  Creek  in — 

Etowah  River  basin,  Ga.: 

discharge WS  49,  p  208 

Yellow  River  near— 
Almon,  Ga.: 

description Ann  19,  iv,  p  229; 

21,  iv,  p  137;  WS  15,  p  43;  27,  pp  31-32; 
36,   pp   134-135;   48,   p    153;    65,   p   261 

discharge Ann  18,  iv,  p  80; 

WS15,  p43;  36,  pl35;  48, 
p  153;  65,  p  261;  98,  p  103 

discharge,  monthly Ann  19,  iv,  p  230; 

21,  iv,  p  137;  22,  iv,  p 
165;  WS  75,  pp  69,  74 

discharge,  yearly Ann  20,  iv,  p  51 

gage  heights WS  15,  p  43; 

36,  p  135;  48,  p  154;  65,  p  262 

hydrographs Ann  21,  iv,  p  138; 

22,  iv,  p  165 

rating  tables Ann  19,  iv,  p  229; 

WS  39,  p  444;  52,  p  513;  65,  p  321 
Annistown,  Ga.: 

discharge WS  49,  p  207 

Lithonia,  Ga.: 

discharge WS  98,  p  103 

Stone  Mountain,  Ga.: 

discharge WS  49,  p  207 

Y'ellowstone  Lake: 

discharge,  at  outlet Ann  11,  ii,  p  36 

Yellowstone  River: 

below  mouth  of  Powder  River: 

discharge Ann  1 3,  hi,  p  65 

description Ann  19,  iv,  pp  287-288 

near  Diamond  Island: 

discharge Ann  13,  iii,  p  65 

near  Fort  Keogh,  Mont.: 

discharge Ann  13,  iii,  p  65 

near  Glendive,  Mont.: 

description WS  99,  pp  91-92 

discharge WS  99,  p  92 

gage  heights WS  99,  pp  93-97 

near  Horr,  Mont.: 

description Ann  14,  ii,  pp  104-105; 

Bull  131,  pp  26-27 

discharge,  monthly Ann  1 1,  ii,  p  93; 

12,  ii,  pp  347,  360;  13, 
iii,  p  93;  14,  ii,  p  105 

discharge,  yearly Ann  13,  iii,  p  98; 

20,  iv,  p  53 

gage  heights Bull  131,  p  27 

hydrographs Ann  12,  ii,  p  236; 

13,  iii,  p  66 
rating  table Bull  131,  p  27 
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Yellowstone  River— Continued. 

near  junction  with  Bighorn  River: 

discharge Ann  13  iii,  p  65 

near  Livingston,  Mont.: 

description WS  15,  p  74; 

27.  p  69;  37.  pp  210- 
211;  49,  p  268;  66,p22; 
84,  pp  24-25;  99,  p  97 

discharge Ann  20,  iv.  p  217: 

WS  15,  p  74;  37,  p  211:  49.  i> 
268;  66,  p  22;  84,  p  25;  99,  p  98 

discharge,  monthly Ann  19,  iv.  p  289: 

20,  iv,  ]»  248;  22,    iv.  p  289; 
WS7.\  p  122:  84,  p  26;  99,  p  99 

discharge,  yearly Ann  20.  iv.  p  53 

gage  heights WS  15,  p  74; 

27.  p  73;  37,  i>  211; 
VJ.  p  268;  66,  p  22: 
84,  p  25;   99,  p  98 

hydrographs Ann  19.  iv,  p  289; 

20.  iv.  p248;  22.  iv. 
p290;  WS  75,  p  12:; 

rating  tables Ann  19,  iv.  p  288; 

WS  27,  p  76;  52,  p  .MO;  tit'.. 
p   170;    si.   p  26;    99,   p  99 
near  Springdale,  Mont.: 

discharge Ann  11,  ii, 

PP  38,  1()7;  13.  iii,  p  67 
near  Yellowstone  Lake: 

discharge Ann  11,  ii,  p  107 

Yellowstone  River  basin: 

description Ann  11.  ii.  pp 

36  38;  12.  ii.  pp  237  238; 
20.  iv.  pp  246-247;  21, 
iv,  p  190;  Bull  131,  p26 

irrigation  surveys Ann  13,  iii,  pp  63  7.: 

rainfall  data Ann  13,  iii,  pp  67  68 

Yerington,  Nev. 

Eas1  Fork  Walker  River  near: 

description WS  85,  p  107;  100,  p  170 

discharge WS85,  p  108;  100,  p  170 

discharge,  monthly ws  loo.  p  172 

gage  heights WS  85, 

P  ins;   100,  pp  170-171 

rating  table ws  100,  pl71 

Yoakum,  <  >reg. 

Umatilla  River  at: 

description WS  100,  pp  360-361 

discharge WS  inn.  p  361 

discharge,   monthly WS  100,  p  362 

gage  heights ws  100,  p  361 

rating  table ws  100,  p  362 

Yolo,  Cal. 

Cache  Creek  near: 

description ws  100,  p  264 

discharge WS  100.  p  264 

discharge,  monthly ws  loo,  p266 

gage  heights ws  100,  p  265 

rating  table ws  100,  p  265 

Yorba,  Cal. 

Santa  Ana  River  near: 

discharge WS  100,  p  354 

York,  Nebr. 

rainfall  data Ann  20,  iv,  pp  306,308,313 

Yorkville,  N.  Y. 

Saquoit  Creek  near: 

description "WS  65,  p  150 

discharge WS  65,  p  151 


Yosemite,  Cal. 

Merced  River  near: 

discharge Ann  18,  iv,  p  416 

rainfall  data Ann  19.  iv,  pp  538, 539; 

20,  iv.  pp  560,  561 ;  WS  39,  pp  437,  438 
Yosemite  Creek  in — 

Yosemite  Valley,  Cal.: 

diseharge WS  100,  p  306 

Yosemite  Valley,  Cal. 
creeks  in: 

discharge WS  100,  pp  300-307 

Youghiogheny  River: 

description Ann  21,  iv,  p  155 

near  Confluence,  Pa.: 

discharge ws  27,  p  tin 

near  Connellsville,  Pa.: 

discharge ws  27,  p  66 

near  Friendsville,  Md.: 

description WS  27,  p  59; 

36,  pp  159-160;  48,  p  170:  65, 
p  289;  83,  pp  182-183;  98,  p  243 

discharge ws  27,  p65;  30,  p  160; 

48,  p  170;  65,  p  289;  S3,  p  183;  98,  i-  243 

discharge,  monthly Ann  21,  iv,  pp 

155-156;  22,   iv,  p  220;  WS 
75,  p  99;  83,  p  183;  98,  p  245 

gage  heights WS  27,  p  01; 

30.  p  100;  48,  pl77;  05,  p 
289;  S3,  p  183;  98,  p  244 

hydrographs Ann  21,  iv,  p  156; 

22,  iv,  p  220 

rating  tables ws  39,  p  145; 

52,  |.  514;  65,  p323;  83,  p  184;  98,  p  244 
Y'oughio^heny  River  basin: 

description Ann  20,  iv,  p  199 

Young  Cone  Creek,  Ga.,  in— 
Hiawassee  River  1>a<in: 

discharge ws  49,  p  217 

Youngstown,  Ohio- 
Mahoning  River  near: 

description ws  9s,  p238 

discharge..  Ann  20,  iv.  p  L98;  ws  98,  p239 

gage  heights ws  98,  p  2:19 

Yuba  River,  Cal.: 

discharge,  low  water Ann  20,  iv,  p  526; 

22,  iv.  p  495;  WS  28,  |>  193;  51,  p  480 
n.ar  Smart  ville,  Cal: 

description WS  51,  p  452;  100,  p  270 

discharge WS  51 ,  p  452; 

85,  p  157;  100,  p270 

discharge,  monthly Ann  22,  iv,  p  463; 

WS  100,  p  272 

gage  heights WS  51,  p  453;  100,  p  271 

rating  table WS  100,  p  271 

Yuba  River,  Middle  Fork  of,  Cal.: 

discharge ws  85,  p  157 

discharge,  low- water Ann  22,  iv,  p  495; 

WS  51,  i>  480 
near  North  San  Juan,  Cal.: 

description WS  51,  p  452 

discharge WS  51 ,  p  452 

discharge,  monthly Ann  22,  iv,  p  463 

gage  heights WS  51,  p  452 

Yuba  River,  North  Fork  of: 

discharge WS  85,  p  157 

discharge,  low-water Ann  22,  iv,  p  495; 

WS  51,  p  480 
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Yuba  River,  North  Fork  of — Continued, 
near  North  San  Juan,  Cal.: 

description WS  51,  p  451 

discharge WS  51,  p  451 

discharge,  monthly Ann  22,  iv,  p  462 

gage  heights "WS  51,  p  451 

Yuba  River,  South  Fork  of,  Cal. : 

discharge WS  85,  p  157 

Yuma,  Ariz. 

Colorado  River  near: 

description Ann  18,  iv,  pp  298-299; 

Bull  131,  p  51;  140,  pp  207-208;  WS 
16,  p  151;  28,  p  133;  38,  p  324;  50,  p 
387;  66,  p  104;  85,  pl7;  100,  pp  19-20 

discharge Ann  18,  iv,  p  299; 

Bull  131,  p  51;  140,  p  208;  WS 

66,  p  104;  85,  p  18;  100,  pp  20-24 

discharge,  monthly.  WS  85,  p  20;  100,  p  25 

gage  heights Bull  131,  p  51; 

140,  pp  208-210;  WS  11,  p  73;  16,  p 
151;  28,  p  141;  38,  p  325;  50,  p  387; 
66,  p  104;  85,  p  19;  100,  pp  24-25 

hydrograph Ann  12,  ii,  p  290 

rating  table WS  85,  p  19 

Gila  River  at: 

description WS  100,  p  26 

discharge WS  100,  p  26 

discharge,  monthly WS  100,  p  27 


Yuma,  Ariz.— Continued. 

Imperial  canal  near: 

description WS  100,  pp  27-28 

discharge WS  100,  p  28 

gage  heights WS  100,  p  29 

rainfall  data Ann  22,  iv,  pp  31, 32, 33 

Z. 

Zealand  River  near — 

Twin  Mountain,  N.  H.: 

description WS  97,  pp  90-91 

discharge WS  97,  p  91 

gage  heights WS  97,  p  91 

Zephyr  Cove  Creek  near — 
Lake  Tahoe: 

discharge WS  100,  p  232 

Zoological  Park,  D.  C. 
Rock  Creek  in: 

description Ann  19,  iv,  p  155 

WS  15,  p  22;  27,  p  10; 

35,   p  94;    48,   p    125 

discharge..  WSl5,p22;  27,p24;  48, p  125 

gage  heights WS  15,  p  22; 

27,  p  22;  35,  p  95;  48,  p  126 
Zurich,  Mont. 

Harlem  canal  near — 

description WS  99,  p  106 

discharge WS  99,  p  106 


PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-Supply  Paper  No.  119.] 

The  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reports;  (2)  Monographs;  (3)  Professional  Papers;  (4)  Bulletins;  (5)  Mineral 
Resources;  (6)  Water-Supply  and  Irrigation  Papers;  (7)  Topographic  Atlas  of 
United  States,  folios  and  separate  sheets  thereof;  (8)  Geologic  Atlas  of  United 
States,  folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following 
ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  Every  member  of  Congress  is  allotted  a  certain  number,  from  whom  they  may 
be  obtained,  free  of  charge,  on  application. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  pric'es  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be 
consulted  by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water 
storage;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investi- 
gations; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 

Series  P. — The  hydrographic  progress  reports  contain  the  results  of  stream  measurements.  A 
report  is  issued  for  every  calendar  year,  containing  the  results  of  data  collected  during  that  year. 
These  reports  were  first  published  as  a  part  of  the  Director's  annual  report  or  as  a  bulletin;  they  are 
now  published  as  water-supply  and  irrigation  papers.  The  following  is  a  list,  by  years,  of  the  publica- 
tions containing  the  progress  reports  of  stream  measurements.  A  detailed  index  of  these  reports  for 
the  years  1888  to  1903  is  published  as  Water-Supply  Paper  No.  119. 

1888.  Tenth  Annual  Report,  Part  II. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131;  Sixteenth  Annual  Report,  Part  II. 

1895.  Bulletin  No.  140. 

1896.  Water-Supply  Paper  No.  11;  Eighteenth  Annual  Report,  Part  IV. 

1897.  Water-Supply  Papers  Nos.  15  and  16;  Nineteenth  Annual  Report,  Part  IV. 

1898.  Water-Supply  Papers  Nos.  27  and  28;  Twentieth  Annual  Report,  Part  IV. 

1899.  Water-Supply  Papers  Nos.  35,  36,  37,  38,  and  39;  Twenty-first  Annual  Report,  Part  IV. 

1900.  Water-Supply  Papers  Nos.  47,  48,  49,  50,  51,  and  52;  Twenty-second  Annual  Report,  Part  IV. 

1901.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  65  and  75. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  66  and  75. 

1902.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  82  and  83. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  84  and  85. 
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1903.  East  of  Mississippi  River,  Water-Supply  Papers  Nos.  97  and  98. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  99  and  100. 

1904.  East  of  Mississippi  River,  WTater-Supply  Papers  Nos.  124,  125,  126,  127,  128,  and  129. 
West  of  Mississippi  River,  Water-Supply  Papers  Nos.  130,  131,  132,  133,  134,  and  135. 

The  Geological  Survey  and  the  Reclamation  Service  have  suboffices  in  different  parts  of  the  United 
States,  from  which  hydrographic  and  reclamation  work  in  the  respective  localities  is  carried  on  and 
where  data  may  be  obtained  on  application.    These  offices  are  located  as  follows: 

Boston,  Mass.,  6  Beacon  street;  Utica,  N.  Y.,  75  Arcade;  Atlanta,  Ga.,  409  Temple  court;  Austin, 
Tex.,  University  of  Texas;  Chicago,  111.,  Federal  Building;  Belle  Fourche,  S.  Dak.;  Cody,  Wyo.; 
Denver,  Colo.,  Chamber  of  Commerce  Building;  Salt  Lake,  Utah;  Los  Angeles,  Cal.,  HON  Braly  Build- 
ing; San  Francisco,  Cal.,  422  Merchants'  Exchange  Building;  Phoenix,  Ariz.;  Carlsbad,  X.  Mex.;  El 
Paso,  Tex.;  Billings,  Mont.;  Great  Falls,  Mont.;  Hazen,  Nev.;  Boise,  Idaho;  Spokane,  Wash.,  424 
Peyton  Block;  Pendleton,  Oreg. 

Correspondence  should  be  addressed  to 

The  Director, 

United  States  Geological  Survey, 

Washington,  D.  C. 
May,  1905. 


LIBRARY  CATALOGUE   SLIPS. 

[Mount  each  slip  upon  a  separate  card,  placing  the  subject  at  the  top  of  the 
second  slip.  The  name  of  the  series  should  not  be  repeated  on  the  series 
card,  but  the  additional  numbers  should  be  added,  as  received,  to  the  first 
entry.] 

Hoyt,  John  C[layton],  1874- 

.   .   .  Index  to  the  hydrographic  progress  reports  of 
c    the  United  States  Geological  survey,  1888  to   1903,  by 
I    John   C.   Hoyt  and  B.   D.  Wood.     Washington,   Gov't 
print,  off.,  1905. 

253,  iii  p.  23cm.  (U.  S.  Geological  survey.  Water-supply  and  irrigation 
paper  no.  119) 

Subject  series:  P,  Hydrographic  progress  reports,  28. 

"Publications  of  United  States  Geological  survey  relating  to  hydrographic 
subjects:"  p.  7-11. 

1.  Water-supply— U.  S.  2.  Water-supply— U.  S.— Bibl.  I.  Wood,  Mrs. 
Beatrice  (Dawson),  joint  author. 

Hoyt,  John  C[layton],  1874- 

.  .  .  Index  to  the  hydrographic  progress  reports  of 
t  the  United  States  Geological  survey,  1888  to  1903,  by 
I    John   C.  Hoyt  and   B.   D.  Wood.      Washington,   Gov't 

print,  off.,  1905. 

253,  iii  p.  23cm.  ( U.  S.  Geological  survey.  Water-supply  and  irrigation 
paper  no.  119) 

Subject  series:  P,  Hydrographic  progress  reports,  28. 

'"'Publications  of  United  States  Geological  survey  relating  to  hydrographic 
subjects:"  p.  7-11. 

1.  Water-supply— U.  S.  2.  Water-supply— U.  S.— Bibl.  I.  Wood,  Mrs. 
Beatrice  (Dawson),  joint  author. 

U.  S.     Geological  survey. 

Water-supply  and  irrigation  papers. 
^    no.  119.  Hoyt,  J.  C.      Index  to  the  hydrographic  prog- 
I  ress   reports   of   the  U.  S.  Geological   survey, 

1888-1903,  by  J.  C.   Hoyt  and   B.   D.  Wood. 

1905. 

^        U.  S.     Dept.  of  the  Interior. 

1  see  also 

I    U.  S.     Geological  survey. 
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